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EXECUTIVE SUMMARY

In order to enhance the safety and operational capabilities

of a special class of freight cars owned by the Department

of Defense, a series of roll stability tests were conducted
by the DOT/FRA. These vehicles, designated DODX railcars,
have a 100 to 200 ton capacity and are characterized by a
relatively high center of gravity when carrying maximum load.
In all a total of twelve cars were tested under various load
and suspension configurations requiring approximately 60 com-
plete test series. The originally planned test matrix called
for éonsiderably more configurations to be tested; however,
time and funding would not allow this. For this reason re-
course was made to computer simulation. This report describes
the ekisting mathematical model which was used to simulate the
roll stability of DODX cars.

The model, obtained from the AAR, is a 22 degree-of-freedon,
non-linear, time domain model of railcars equipped with two-
axle trucks. Certain modifications to this model were neces-
sary to model the DODX railcars. These included the modifica-
tion of the Coulomb friction damping, the addition of hydraulic
dampers, .and a track input or forcing function to simulate per-
turbed track as specified in the AAR Specification D-65. Sub-
Stituting a second-order Runge-Kutta method for a fourth-order
method allowed the increase in the integration step size and
the practical implementation on a minicomputer. Finally, the
output format was modified to show carbody roll angle and wheel
lift in analog form.

Once the model was operational on the minicomputer, the stan-
dard methodology for computer simulation was used. First, all
vehicles and load components were characterized using the best



available data and certain engineering approximations. Next,
the model, configured identically to an actual field test,
was run and compared to the field test results for the pur-
pose of validation. In the event that reasonable agreement
between model and field test was obtained, the model was ad-
judged valid and then used to obtain roll stability data on
configurations other than that used for validation. That is,
the numerical values of parameters used to characterize the
vehicle and its load were changed in the model and a computer
simulation was run for a vehicle which was not subjected to a
full scale test. The results thus obtained provide the neces-
sary data without the expense of the test.

The present study has shown that the modified mathematical
railcar model can adequately model the response of DODX rail-
cars to rock and roll track; i.e. repeated low joints. Although
the model was designed for two-axle trucks, reasonable agreement
with field tests was obtained for vehicles equipped with four-
axle, span bolster trucks. In its present state the model does
not appear to work well for articulated trucks with three-axles
nor for long or torsionally flexible freiéht cars.

Results of the computer simulation of the two vehicles equipped
with four-axle, span bolster trucks indicate that these vehicles
operate within AAR specification. In fact, indications were

found suggesting that some improvement in stability was achieved
when the vehicle suspension spring rate was reduced or similarly
when the load was increased. The vehicle equipped with the more
conventional two-axle truck exhibited the best agreement between
field test and computer validation when a dead band was added to
the hydraulic stabilizer in the computer model. Further, it was
concluded that, even'though this particular vehicle does not

presently conform to AAR roll stability specification, the addi-
tion of a hydraulic stabilizer operating over the full stroke



would significantly improve vehicle performance.

The vehicle equipped with the three-axle trucks showed very
poor agreement between field test and the validation run
using the computer model. It should be kept in mind, how-
ever, that no attempt was made to vary parameters for the
purpose of acquiring agreement between the field tests and
computer model. Since no physical explanation for the dis-
crepancy was found, it was assumed that either 1) some para-
metric quantity was incorrectly modeled or reported or 2) that
the three-axle truck may have behaved differently compared to
the two-axle trucks.

vii



1.0 INTRODUCTION

1.1 BACKGROUND

Early in 1971, the Military Traffic Management Command (MTMC)
iniated efforts to determine the roll stability, wheel 1lift

and derailment tendency of certain DODX cars, characterized as
100-ton freight cars loaded with high-center-of-gravity con-
tainers, This effort was undertaken because railroads had been
experiencing roll-stability-related difficulties with this con-
figuration for several years. MTMC decided to evaluate the
stability of these configurations and to make modifications as
required to ensure acceptability for interchange seryice,

In April of 1971, stability tests were performed on the C§0/
B§O Railroad. Suspension modifications, which included softer
springs and hydraulic stabilizers, reduced car response to an
acceptable level. The success of these tests prompted MTMC

to test other cars of marginal stability. In September of 1972,
the testing of five additional freight cars was authorized.

This testing, again performed on the C§0/B&0 Railroad, proved
helpful in determining which cars required modification and to
what extent.

By early 1974, MTMC decided that 12 additional car types (includ-
ing three new procurements) should be tested. The variety of
loads to be carried on these cars implied that some 60 configura-
tions would need to be evaluated. Because of the scope of this
program, the Federal Railroad Administration (FRA) was requested
to conduct the tests; it was decided to utilize the recently
constructed Train Dynamics Track at the Transportation Test
Center in Pueblo, Colorado. ENSCO, under contract to FRA,
designed and installed the actual instrumentation, collected
the'necessary data and performed the required data reduction

for these tests.



During the course of the tests, it became apparent that an
easier, less expensive method for determining the roll stability
of freight cars was badly needed. 1In late 1974, ENSCO searched
the literature covering existing computer models for simulating
rail vehicle responses. The search indicated that most of the
existing computer simulation models did not have the flexibility
to handle the DODX application. However, one model developed

by AAR appeared to be applicable with minor modifications. This
model was described in a paper '"Method of Analysis for the
Dynamic Behavior of a Flexible Body Railroad Freight Car" by

Yan Hai Tse (2).

ENSCO converted the model description and the computer program
for use on the in-house RDS-500 minicomputer system. Initial
attempts to make the computér model operational were only part-
ially successful and computer simulation work was discontinued
in February 1975 because of funding problems. Testing, however,
continued at TTC on the cars previously selected. By July 1975,
10 of the 12 cars had been tested in a total of 45 different

configurations.

FRA, MTMC and ENSCO continued to recognize the need to develop
an effective computer simulation model for evaluating the roll
stability of DODX cars as a practical alternative to expensive
full-scale testing. In August 1975, ENSCO submitted a plan to
FRA to accomplish this goal based on using the previously
mentioned AAR model. This plan proposed the simulation of five
DODX cars in a total of eight configurations. However, only four
of these cars had been field tested and therefore only these four
are reported herein. The field tests were to be used for vali-
dating the computer model. In October 1975, FRA approved the
plan and ENSCO inplemented the DODX computer simulation effort
described in this report.



1.2 OBJECTIVES

The objectives of the DODX Computer Simulation task were:

) To convert the AAR computer model for use
on the RDS-500 minicomputer system.

° -To modify the input forcing function so as to
simulate the perturbed track specified in
Amended AAR Specification D-65, "Testing
Special Devices to Control Stablllty of Frelght
Cars" (included as Appendix A).

° . To obtain the railcar parameters needed in
the model for the four selected cars.

'3 . To use results obtained in the full-scale tests
of the four cars to validate the computer model.

o . To compute vehicle responses for the four
selected cars in the selected configurationms.

I To prepare a final report summarizing and evalu--
- atlng the computer 51mu1at10n effort. : ’



2.0 COMPUTER SIMULATION MODEL

2.1 DESCRIPTION OF ORIGINAL MODEL

2.1.1 Model Characteristics

The AAR model developed by U. H. Tse, under the guidance of

G. C. Martin, served as the basis for ENSCO's simulation work

on DODX railcar stability. A detailed description of this

model is given in Reference 2. A general description is provided
in this section and is based on material obtained from References
1 and 2.

In the AAR model (Figure 2-1), the carbody and its contents are

modeled as two rigid half-bodies connected by a group of springs
that simulate the torsional stiffness of the car and the bending
stiffness about the lateral and vertical axes. This representa-
tion accounts for the major effects of carbody flexibility with-
out the complexity of a model simulating a continuously flexible

carbody.

Each half-body, integrated with its lading, rests on a bolster
centerplate. This is modeled as a two-point contact with each
point having a (very stiff) spring-like stiffness. When contact
is lost at either point, the associated spring force is zero.
When a certain amount of body roll occurs, contact will be

made with one of the side bearings on the bolster. Each side
bearing is modeled as a spring-damper (viscous) with a dead-zone
(clearance) between it and the half-body.

This overall representation of the body/bolster interface
permits realistic simulation in all of the possible operating
modes. Thus at equilibrium and in moderate dynamic situations,
the body makes contact with both contact points on the center-
plate. With increased roll activity, the body can lose contact
-with one or the other of the centerplate pivot points. With

a further increase in dynamic activity, the body will make

2-1
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Figure 2-1. AAR Freight Car Model



contact with the appropriate side bearing. Finally, under some
critical conditions the body may pivot about the side bearing
and completely lose contact with the centerplate. At this
point, wheel 1ift and suspension spring bottoming are likely to
occur.

The bolster is supported on the side frame by two suspension
groups, one on each side. Each suspension group is modeled by

a single equivalent spring and a coulomb damper acting vertically
and another spring and damper acting laterally. The vertical

and lateral spring constants represent the corresponding stiff-
nesses of the suspension spring group. Similarly,the vertical

and lateral coulomb dampers represent the corresponding character-
istics of the snubber acting against the side frame column.

When the lateral motion of the bolster relative to the side
frames is sufficient to cause gib contact, additional forces
come into play. The additional lateral force is modeled by a
(stiff) spring acting in parallel with the lateral spring con-
stant of the suspension group. The additional vertical coulomb
damping is modeled as a constant (coefficient of friction)

times the lateral load on the gib.

To simplify the model, the side frames and wheelsets of each
truck are represented as a single mass. This eliminates modeling
of the truck pitching mode which was considered insignificant.
Truck yaw is also considered insignificant for the purposes of
this model. The vertical track input to the lumped mass is
represented as a single mass. The vertical track input to the
lumped mass representing both side frames and wheelsets occurs
through the resilience of the track structure which is modeled

as a spring-damper (viscous) at each end of this mass. Similarly,
the lateral track input to the mass occurs through an equivalent
spring-damper at each end and a dead zone (clearance) that
represents the lateral gap between the rail and the wheelset.

2-3



Further assumptions of the model are that all displacements are
small, all components move at the same velocity in the longi-
tudinal direction, speed is constant in each run, and that each

half-body and its respective bolster are laterally constrained
to one another.

2.1.2 Development of the Equations of Motion

The motion of the freight car can be described relative to a

set of inertial axes defined in Figure 2-2. A parallel set of
inertial axes is assumed to exist at the center-of-gravity (at
equilibrium position) of each car half-body, bolster and wheel-
set/side frame unit. A set of body fixed axes is located at

the center-of-gravity of each unit. Initially (at equilibrium),
each set of body-fixed axes.coincides with the associated set

of inertial coordinate axes. Hence, the motion of each unit

can be described in terms of the translation and rotation of the

body axes relative to the inertial axes.

The model assumptions reduce the degrees of freedom associated
with each unit. Thus the assumption that all components move

at a constant speed in the longitudinal direction eliminates
consideration of longitudinal (Y) motion for each unit. Truck
pitching and yawing are considered insignificant for the purposes
of the model; thus bolster and wheelset/side frame angular
motions are limited to roll about the longitudinal axis. The
degrees of freedom for the model are summarized in Figure 2-2.
Although these total 22, there are actually only 20 degrees of
freedom since lateral motion of each car half-body and bolster

(at the centerplate connection) are assumed to be the same.

The rotation of each car half-body with respect to its associ-
ated inertial axes is described by a set of Eulerian angles
defined in Figure 2-3. The first is a rotation y about the X
axis to form the i', j', k' axes. The next is a rotation

& about the j' axis to form the i", j", k" axes. Finally, a

2=4
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rotation o about the k" axis forms the body-fixed axes I, J, K,
axes. In the case of the bolsters and wheél set/frame units,
the body rotation reduces to a 51ng1e rotation 6 (roll) about
the Y axis.

The 22 generalized'coordinates (Refefence 2) required to describe
the motion of the freight car model are as follows.

_NOTE: X; and X, can be dlfferent and of opposite sign. The
model has a shear mode in the lateral d1rect10n. However, this
mode was- not used in modeling the DODX cars. '

Vertical displacement_of the'front#;arbddy (z;).
>Latera1 displacement of_fhe front carbody (Xl);
Réll of the frént carbo&y (61)-

Pitch of the front carbody (wl)

Yaw of the front carbody (a;)

Vertical dlsplacementAof,the rear carbody (;2);
Lateral displacement of the rear carbody (iz).
Roll of the rear carbody (62). B

P1tch of the rear carbody (y2)-.

Yaw of the rear carbody (az)

Vertlcal dlsplacement of the front bolster (za)
Lateral displacement of the front bolster (xa).
Roll of the front bolster (93).“
VerticalAdiéplacemeﬁtxof the rear bolster (%,)
,LateraIAdisplaCeméht»of the reér'bolster (x4) .

Roll of the rear bolster (84).



Vertical displacement of the front wheelset (zg).
Lateral displacement of the front wheelset (x;).
Roll of the front wheelset (p5).

Vertical displacement of the rear wheelset (z4).

Lateral displacement of the rear wheelset (xg).

Roll of the rear wheelset (6g) -

As previously noted, x, and x, are each constrained to be the
same as the lateral centerpin motion of the respective car
half-body. This reduces the number of independent coordinates,

or degrees of freedom, to 20.

The equations of motion for the system are developed using
Lagrange's equations (Reference 3). For a simple conservative

system, these equations are

d SL sL  _ (1)
qelzr. "o TN

6q . 6q .

J J
where

L =T -V (Lagrangian)
T = Kinetic Energy
V = Potential Energy

qj = Independent generalized coodinates

Since the freight car model is a non-conservative system, a
modified form of Lagrange's equations is used namely:

2-8



(§-L—)- 8L . g (2)

8q. 8q. J
Y 93

4
dt

where Qj represent those generalized forces not arising from
a conservative potential. Those forces that are derivable
from a potential are still accounted for by the Lagrangian L.

Some non-conservative forces, such as viscous damping, can be
derived from a velocity dependent functions F known as Rayleigh's
dissipation function and defined by

dw

F=_% (3)

dt
where We = work done by the system against the viscous damping
forces.

Then the generalized force component Qj resulting from friction
can be obtained from

Q; = 'i (4)
qu

In this case, Lagranges equations can be expressed as

(3)

o
]
<l

Lo(L).aLu

dt 8q . 8q.. q .
9 2y, o8

where Q. is defined as those generalized forces not arising
from either a conservative potential or a velocity-dependent
potential such as the Rayleigh dissipation function F. In

the freight car model, such remaining forces 6j would be those
associated with Coulomb friction.
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Equations (5) are the ones used to develop the 20 second-order
differential equations in the 20 independent generalized coordi-
nates. In developing the expression for the kinetic energy of
each mass, the assumption is made that the body-fixed axes are
principal axes. Thus the kinetic energy of rotation of each
mass can be expressed as

1 1 1
T ¥ 4 I w +t 5 Iywy +t 3 I.iw (6)

where I» 1 I_ are the principal moments of inertia and w

y’> "z
W,, W, are the components of angular velocity in the body-
fixed coordinate system.

x’

With the previous assumptions on rotational freedom, only the
two car half-bodies can have angular velocity components about
all three axes. The other units are restricted to roll rotation
(wy) only. For the two car half-bodies, the angular velocity
components can be expressed in terms of the Euler angles and
their time derivatives utilizing straightforward coordinate
transformation techniques. The result is

¥, * cos Y cos 6 + 06 sin o
wy = cos & - o cos Y sin a (7)
W, Y sin & + o

. . *
where ¥ , 6 and o represent the total derivative with respect to

time. The kinetic energy of the entire system is then derived

in terms of the generalized coordinates by adding the expressions
for the translational and rotational energy of each mass. The
potential energy associated with the various spring constants

in the model are also derived in terms of the generalized
coordinates. Lastly, the Rayleigh dissipation function for the
system is obtained by summing terms of the form % D, LA where D;
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are the various viscous damping coefficients and Vi are the
associated damper velocities expressed in terms of the generalized

coordinates and their time derivatives.

The potential energy associated with the weight of each mass

is not used directly in equations (5) since the derived force

is simply the weight of the mass acting in a vertical direction,
and this weight can be incorporated as an external force on the
right-hand side of the appropriate equation. Also incorporated
separately in the equations of motion are the Coulomb friction
forces Q. since, as previously mentioned, these are not deriv-
able from any generalized potential.

The resultant 20 second-order differential equations of motion
are converted into 40 first-order differential equations via
state variable techniques. These equations are then solved
via the numerical method of Gaussian Elimination. Finally the
equations are numerically intergrated utilizing a fourth-order,
Runge-Kutta integration scheme. The track input function must
now be specifieﬂ in order to determine the wheelset inputs

Ri, Ry, RS’
following section.

R4, (see Figure 2-1). This is discussed in the

2.1.3 Truck Input Function

The rock and roll problem of freight cars is essentially a
resonance phenomenon that occurs when high center-of-gravity
cars transverse track with half-staggered rails. Therefore the
track input to the model is the geometry of half-staggered
rails. (Figure 2-4). The geometry of each rail is assumed to

be that of a rectified sine wave as shown in Figure 2-4 and

has the form:

nL,R= A [sin (E% '¢L,R) (8)
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where

A = Profile amplitude variation from middle of rail
section (high) to rail joint (low)

y = Distance along the rail
= Length of rail section

9. R Phase angles of amplitude variation for left and right
’ rails. (For half-staggered rails, ¢p = 9p = % )

‘It is assumed that initially the car rests with all eight wheels
on level tréck, and then encounters the half-staggered rail
geometry as illustrated in Figure 2-4. For convenience the
intersection of the level track (datum line) with the half-
staggered rails occurs at a point (t = 0) where the crosslevel
between the two rails is zero. Beginning at t = 0, the front
wheels encounter the illustrated rail profile variations while
the rear wheels are still on level track. At a time t = D/v,
where D is the truck center spacing and v is the car velocity,
the rear truck wheels encounter the half-staggered rails. From
then on, both sets of wheels ride on the rectified sine wave

rail profiles that represent the half-staggered rails.

The profile variation with time of each of the eight wheels
will then be of the form:

nij" A | sin (wf - ¢ij) ; (9)

$i5= ‘Profile variation phase angle of wheel ij,
and ij is defined as shown in Figure 2-4.

Utilizing a geometric relationship (and-letting $47 = 0), we
obtain
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where D = truck center spacing and B = truck wheel base.

Since the two truck wheels on a side are treated as one in the
model, the equivalent model input is simply the average of the

two profile inputs. Thus

R1 "

N

(nll + niz )

‘i
Ry =7 (npyp + nyy )
(11)

el
1]
Do) =

(n31 + n32 )

-
Ry =7 (nyp +nyy)

NOTE: Since the two truck wheels on one side are treated as
one wheel, the accuracy of the model in predicting
individual wheel 1ift is limited, i.e., the wheel 1ift
due to pitch only could be predicted by the model at
half amplitude.

Equations (9), (10) and (11) define the track input functions
to the model.



2.2 MODIFICATIONS TO THE MODEL

The AAR freight car model described in Section 2.1 was converted
for use on ENSCO's in-house RDS-500 minicomputer system with-a re-
sulting change of less than Z percent. The conversion of this large
scale model for use on a minicomputer was aléignifieanf.ac;omplish=
ment and produced considerable savings in cost. ‘During the'initial
evaluation of this model, a number'of modifieations were made in
order to make the model more effective in the predlctlon of the
roll stability of DODX railcars. Some of these modifications

were prompted by the need to reduce the long time required by

the minicomputer to simulate a test run - approximately 1200
seconds for each second of real time. Modifications were also

made to the track input function, the non-linear friction dampers
and the output format. Another chanée involved the simulation

of the Stucki hydraulic damping devices, which were not considered
in the original AAR model. All of these mod1f1cat10ns are
descrlbed in the follow1ng sectlons.' ‘

.2.2.1 TRACK INPUT FUNCTION

In validating the DODX computer model the results of DODX roll
stability tests on the TTC Train Dynamlcs Track were used. qu
those tests, the track had been art1f1c1a11y perturbed in accord-
ance with the requlrements of Amended AAR Spec1f1cat10n D-65 .
"Testing Special Devices to Control Stab111ty of Frelght Cars".

As a result of this perturbatlon; the rails assumed wave shapes
that were approximately sinusoidal. Wiebe (Reference 4) also
suggests near-sinusoidal rail profiles for rock and roll studies;
Therefore, it was necessary to ehahge the track input function
for the model to two, out-of-phase sine waves representing the
half-staggered rails, instead of the.reCtified sine’ane'discussed

earlier.

Initially, the sine wave simulation for the half-staggered rails’
was simply

nLR=iAsiniTLlY— | (12)
, ,
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with the left and right rail profile variations of opposite
sign. This is shown in Figure 2-5(a).

When this input function was used in the model, the initial
response of the freight car was rather severe. The severe
response required a small integration-step-size in order to
follow the motion adequately. Since excessive computer run
time was already a problem, it was decided to modify the track
input function as follows:

g
+ % A sin —%Z y 0 <y <L

» (13)

This representation for the half-staggered rails is shown in
Figure 2-5 (b). The % multiplier for the first cycle provides

a gradual transition from the level track to the fully perturbed
track. Using this input function to the model reduced the
magnitude of the initial response of the freight car without
significantly affecting the eventual peak values of the factors
that measured roll stability (cér roll angle and wheel 1ift).
Using this input function, it was possible to increase the inte-
gration step size and reduce computer run time.

The formation of the detailed wheelset input functions Ry through
R4 for the sine wave rails was a straightforward geometric task.
It was similar to that outlined for the original AAR model. The
time and distance phase relationships of the eight individual
wheel profile input variations were first calculated. Then

the construction of a single profile input representing the

two wheels on each side was made by simple averaging.
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Figure 2-5. Sine Wave Simulation of Half-Staggered Rails
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2.2.2 Numerical Integration Technique

In the original AAR model, a fourth-order Runge-Kutta integration
technique was used to solve the 40 decoupled first-order differ-
ential equations which are of the form

y = £(y,t). (14)

The fourth-order Runge-Kutta Method (Reference 5) gives the
estimated value of Yi+1 at time ti+1 as

. h
Yis1 = Vit 5 (K *+ 2Ky + 2Kg + K, ) (15)

where

Kp = £0r5, t5)

_ h h
Kp= £y + 5 K5 t5 + )
_ h h
Kg = £(y; + 7 K35 t5 + 7))
K, = £(y; + hKg, t. + h)

and h = integration time step.

In order to make a further reduction in computer run time,

it was decided to try a second-order Runge-Kutta integration
of the form

i h
Yisx = Vi * 7 (€ * C) S

where C1 f(yi, ty )

and

(.
N
|

= f(yi + hCl, ts

¢ % B2
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This second-order Runge-Kutta (also known as Heun's Method)
produces the same order of truncatlon error as does the Taylor
Series Method through ‘the second derlvatlve term. The function'
f(y, t) has to be evaluated twice to form the next estimated
Yj+1» @S compared to four times in the previous fourth order
Runge-Kutta method. Thus the computation time for each integra-
tion step was halved with no significant loss in accuracy.,

2. 2 3 Non- L1near Fr1ct10n Dampers‘

The typical friction damper (snubber) used ‘on frelght trucks,
acts to oppose vertical and lateral motion between the bolster
and the side frame. The frictional force during motion is
essentially constant and is determined by the column spring
load. This frictional characteristic is that of typical Coulomb
friction as shown in Figure 2-6 (a). This is-the characteristic
that was used to model snubber friction in the original AAR
model. - 2 '

When this characteristic was incorporated in the computer model
implemented by ENSCO, certain difficulties arose. Sudden large
changes in force level (over'ah infiniteéimally'smallfspeed
change near zero) resulted in high acceleration transients that
were extraneous to the rock and roll problem under investigation.
At the same time, these high 1eve1'acce1erations necessitated a
small integration timeé step to avoid the introduction of cumula-
tive errors that could affect the major- outputs.

It was desirable to eliminate these acceleration perturbations

in order to increase the integration step’size and thus reduce
overall computer time. Therefore, the modified frictional
characteristic of Figure 2-6(b) was'introduced to represent the
non-linear frictionvdampers. The very small linear zone near -
zero speed eliminated these large perturbations without affecting
the overall results. The integration step size could then be

increased. This combined with the improvement resulting from

2-19



FORCE

g RELATIVE

(a) Coulomb Friction

FORCE

(b) Modified Coulomb Friction

Figure 2-6. Snubber Friction

2-20

-

SPEED

RELATIVE
SPEED



the use of the gradual transition factor for the track perturba-
tion, provided an additional factor-of-two reduction in computer
time. ' '

2.2.4 Hydraulic Damper

There was no provision in the original AAR model for simulating
the Stucki uni-directional hydraulic dampers. These dampers

are commonly used in freight service, and are used on the four
DODX cars that were to be used for model validation. Therefore
it was necessary to add this capability to the model. The force
Vs. veloéity characteristic of this hydraulic damper is shown

in Figure 2-7.

Early validation runs using a lightly-loaded freight car revealed
that the effective damping coefficient of this damper was much
less than that listed by Stucki. In order to achieve a maximum
carbody roll angle and wheel 1ift in the simulation that was
comparable to that experienced in the field tests, it was neces-
sary to use a simulated value of damping about one order of
magnitude smaller than nominal. This was disturbing and led

to an intensive examination of Stucki damper characteristics, .

This examination showed that the construction:of. the Stucki
damper was such that it might not provide damping over the full
fange of group spring travel, depending on the springs used..

The damper is only effective over a range (A) (from spring.
bottoming, as shown in Figure 2-8. Beyond this range, -the: damper
provides zero force.

A lightly-loaded freight car would operate much:of the time in-
the range of zero dampihg, i.e., near free-standing height of
spring. Since the damping force acts only in compression, a.: .
force rectification is produced during any oscillation which
causes a further upward shift in the average operating point.
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Hence, the effective or average damping coefficient under
these conditions would only be a small fraction of the listed
nominal value. It is interesting to note that this effect
would not be encountered in studies of fully loaded freight
cars, e.g., Wiebe (Reference 4).

The simulation of the Stucki damper was, therefore, corrected

to include the deadband of zero damping force with the nominal
value used in the effective operating range (A). When this was
done, the discrepancy between field and model results was
eliminated. This determination of the correct operating character-
istics of the Stucki damper was an important by-product of the
modeling task.

2.2.5 Model Output Modifications

Several modifications to the model output were made in order

to make the results more useful in the evaluation of the roll
stability of DODX cars and in the comparison of model results
with field test results. For one, the model output format was
changed in several cases in order to make it compatible with
the field measurements. This facilitated the comparison of model
and field test output data. Another change in the format of
the output parameter listings reduced the printout from approx-
imately 60 parameters to only those parameters of most interest.
Besides reducing printout time, this change made it easier to
interpret the results.

The most significant change in the form of the model outputs
was the incorporation of an analog plotting routine. This
routine enabled the model outputs to be presented in a continu-
ous time history format, which permitted direct comparison of
the outputs with field test data. This capability proved
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invaluable in the analysis of the results and the validation of
the model. Samples of simulated data presented in this manner
are shown in Figure 2-9,

2.3 LIMITATIONS OF MODEL

The modifications discussed in Section 2.2 resulted in a four-
fold increase in computer efficiency. One second of real-time
data required 300 seconds of minicomputer time instead of the
1200‘seconds'required previously. Even with the improvement,
average run (1245e¢onds real-time) required one hour of mini-
computer processing time. The computer usage costs were very
low; however, the long run times were a handicap in model
validation and in the parametric studies required to gain an
understanding of the roll stability of DODX cars and the related
parametric sensitivities.

The freight car model was designéd to simulate two-axle freight
trucks, which form the great majority of freight trucks in
existence. However, many of the DODX configurations to be
simulated contained:three-axle or four-axle trucks. An accurate
" simulation of these car types would have required a substantial
revision of the model to incorporate the additional degrees of
freedom associated with these trucks. This was beyond the

scope of the project. |

In order to simulate a three-or four-axle truck with this model,

a worst case approach was utilized in which the truck was treated
as an equivalent two-axle truck of the same total mass and suspen-
sion characteristics. This was considered worst case because an
actual three-or four-axle truck geometrically filters the track
perturbations so as to transmit a track input of lower amplitude
than a two-axle truck. At the same time, it was felt that the
roll-resonant-frequency of a freight car would not be markedly

affected since the total truck suspension characteristics would
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be essentially the same. However, wheel 1ift as determined in
the model and as measured in the field could differ appreciably
because of the much greater flexibility of the three-or four-axle -

truck.

'The modeling of a flexible car as two rigid half-bodies connectéd'
by a group of torsional and bending springs is considered effec#
tive for investigation of roll stability as long as the maximum
torsional and bending rotations remain small. This is probably
not the ‘case for some of the longer, more flexible freight cars.
In these cases, single values of roll, pitch and yaw for each

car half-body would not be representative of actual car body
response. The validity of the computed roll responses in the
simplified model would become questionable in the case of the
more flexible freight cars. In addition, the comparison of
computed and field measured values of roll response becomes a
problem since car roll angle, as measured at the front bolster
locatioh, could differ appreicably from that experienced at the
center-of-gravity of the front car half-body, when the car is
experiencing appreciable torsion. The model of course can only
yield a single value of roll for each rigid half-body, which

may or may not be an accurate indication of actual roll at the
half-body center-of-gravity. For these reasons, the simplified_T'
model is considered to be of decreasing value as the freight ‘

car torsion and bending flexibility becomes large.
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3.0 COMPUTER SIMULATION RESULTS

3.1 PRELIMINARY CONSIDERATIONS

In order to validate and utilize the computer model described
in Section 2.0 to study DODX railcar roll stability, it was
necessary to perform several preliminary steps. These included:

° Determination of railcar dimensional and
inertial parameters.

° Determination of truck suspension character-
istics (lateral and vertical stiffness and
damping coefficients).

? Determination of equivalent stiffnesses (and
damping coefficients where applicable) for the
centerplate, side bearings, side frames, and
trucks.

® Determination of equivalent torsional bending

and shearing stiffness between the front and

rear half-bodies of the car.
The first item was a straightforward task involving the study
of manufacturer's drawings and other references such as the car
and locomotive cyclopedia, the solicitation of information
directly from car truck manufacturers, the performance of field
measurements, and finally calculation of parameters such as center-
of-gravity and moments of inertia from a knowledge of component
weight distributions and dimensions.

The determination of truck suspension stiffness and damping
coefficients was also a straightforward task. The vertical
stiffness characteristics were available from manufacturer's data.
The lateral spring constant of each suspension was calculated

based on theoretical considerations and a knowledge of the vertical
characteristics, The vertical and lateral values of Coulomb fric-
tion provided by the snubber were also available from manufacturer's
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data. The vertical Coulomb friction associated with gib contact
was modeled as a constant (coefficient of friction) times the
lateral load on the gib. The only area that presented any
difficulties was the damping characteristic of the hydraulic
damper. As discussed in Section 2.2.4, it was discovered that
the published characteristic applied only to a certain positional
range. Qutside of this range the damping force was zero. This
operating characteristic was accommodated by incorporating the
appropriate deadband in the damper model.

The third item involved the estimation of spring constants

(and damping coefficients where applicable) for a number of
components characterized by a high degree of stiffness. The
steel-on-steel stiffnesses associated with centerplate contacts
and side bearing contacts were evaluated from the modulus of
elasticity for steel and the estimated contact areas. The side
frame lateral stiffness was estimated based on practical deflec-
tion limits under peak loads. Track stiffness for the model

was calculated using linear estimates of track stiffness (in
1b/ft/ft) times the axle spacing distance. Values used by Martin §
Tse (2) in his model for all of these stiffness parameters were
used as starting points in the estimating process. Since rock
and roll is a relatively low frequency phenomenon, the model
outputs remained unaffected over a wide range of trail values
for these stiffness coefficients. Thus considerable latitude
existed in the final selection and this was utilized to minimize
numerical integration problems.

The last item required the selection of various stiffness
coefficients between the two car half-bodies, so that the model
would approximate the effects of actual car flexibility. In

the case of the shearing stiffnesses, the only practical require-
ment was that these be high enough to maintain negligible lateral
motion between the two half-bodies. In tests of the model, it was

3-2



found that these coefficients could be set at zero and still
maintain the requirement of negligible lateral motion. Therefore,
the shearing stiffness coefficients were set at zero to eliminate
all force transients at the junction. ’ .

The torsional and bending stiffness coefficients were selected
at levels that would produce expected natural frequencies of
oscillation in each akis'fof the given car configuration; The
value of torsional stiffness was particularly important since it
could directly affect the primary model outputs (maximum car
roll angle and wheel 1ift). Information from various sources
including Reference 7 was utilized to obtain representative

values for these flexural coefficients of each car coﬁfiguration.

3.2 STUDY APPROACH

Computer model validation runs were performed for each of the
four DODX railcar configurations that had been previously tested. .
The field test results for these configurations were available
from the DODX Railcar Stability Tests previously performed by
ENSCO .(Reference 7). The primary stability outputs for each
model validation run were directly compared with the respective
field test results. No attempt was made to artifically adjust
model parameters to achieve a best match of model outputs to
field test results. Thus the degree of correlation achieved in
each case provided a good indication of model validity and its
usefulness as a tool for predicting railcar roll stability.

In two cases, involving DODX Vehicles No. 39551 and No. 39837,
the correlation achieved between the validation runs and the
field tests was excellent. The confidence that was established
in the validity of the model and in the model parameter values
for these vehicles encouraged additionallcomputer studies of
other Vehicle‘configurations; The roll stability of these
additional configurations could then be evaluated with a high
degree of confidence. The results of these model validation and



simulated configuration runs are presented in subsequent
sections.

Comparison of field and model validation runs for the 39803
vehicle resulted in acceptable correlation. However, the degree
of confidence is somewhat less than that for the two vehicles
mentioned previously. Two additional configuration runs along
with the validation result for this vehicle are presented.
Validation runs involving the 38444 vehicle resulted in poor
correlation with field results.

Time and funding limitations of the project prevented the
intensive study required to pinpoint and correct the simulation
problem areas causing the discrepancies. Since adequate model
validation had not been achieved for the 38444 vehicle, it was
considered ineffective to proceed with the simulations of ’
additional configurations involving this vehicle. In a related
case involving previously untested DODX Vehicle 39904, a 375,000
pound flatcar, the simulation of two proposed configurations

was not performed since similar modeling uncertainties existed
for this vehicle as for the 38444,

3.3 VEHICLE NO. 39551

3.3.1 Vehicle Description

This vehicle (Figure 3-1) is an 80-ton flatcar constructed of
fabricated steel with a special container frame permanently
attached to the flatcar frame. The car is 51 feet long, 10
feet wide, and has a light weight (unloaded) of 53,800 pounds.
Two ASF Type A-3 ride control trucks (Figure 3-2) are used with
a truck center spacing of 39 feet-8.5 inches. This is a two-
axle, four wheel truck with an axle spacing of 68 inches. The
truck utilizes 6.5-inch x 12-inch roller bearings and one Stucki
HS-6 hydraulic damper in each spring group. The weights on
wooden blocks shown in the picture are for the purpose of sim-
ulating the container load.
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Figure 3-2.
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'3.3.2 Field Test Results

This vehicle was tested on 18 December 1974 in an empty-with-
container configuration. Each spring group of the ASF ride
control trucks was equipped with six D-4 outer springs, four

D-3 inner springs, and an HS-6 hydraulic stabilizer. The load
(not including light weight) was 72,000 pounds at 56 inches above
the car deck. The roll response of this configuration is

given below:

Speed (mph) Peak Roll Angle

(Degrees Peak-to-Peak) Wheel Lift (Inches)

5 I 1.6 0
10 a 1.6 0
12 2.1 0
14 - 2.1 0
16 0’
18 o ' 3.2 0
2200 L 3.6 -0

22 4.2 . | » 1/4
23 6.0 ' 1+
24 5.4 1+

3.3.3 Model Validation Results )

The configuration described in paragraph 3.3.1 was simulated

in the computer model. The roll response results are shown in
Figure 3-3‘together with those of the previous field tests.

As can be seen from the curves, the model validation results
agree very well with f1e1d results., The peak roll angle and
peak wheel 1ift in each case are w1th1n 10 percent of ‘each other.
The close agreement of field and model validation results suggest
that the computer simulation model could be used reliably for
assessment of similar DODX railcatr stability. Note that in both
field test and model validation results, the roll response '
exceeds the maximum six degrees peak-to-peak allowed by the
amended AAR specifications D-65 (Appendix A).
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Figure 3-3. Roll Response Vehicle No. 39551
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3.3.4 .SIMULATED CONFIGURATION

- In this configuration, one D-4 outer spring was removed from

. each spring group. - The load was increased to 90,000 pounds
and the centei-offgravity to 60 inches above the car deck. The
roll response results for this simulation are shown in Figure
3-3 together with those of the previous field tests and the 4
model validation runs. The roll response of this vehicle con-
figuration indicates a reduction in maximum wheel 1lift and roll
angle and a slight reduction in‘critical speed. The maximum ‘
wheel 1ift, however, is not in compllance with the amended AAR
Specification. '

3.4  VEHICLE NO. 38444

3.4.1 Vehicle Description

This vehicle (Figure 3- 4) is a 100-ton flat car made of fabrl--

4 cated steel It is 54 feet long by 10 feet w1de, and has a llght
“ welght (unloaded) of 70 800 pounds. Two Buckeye 51x wheel trucks
are used at a truck center distance of 36 feet. Each truck is
three-axle, six-wheel, and has: an axle center distance of 54
inches. The truck utilizes 6-inch x ll-inch friction bearing .
journals, and one Cardwell friction damper and one Stucki HS-6B
hydraulic damper per spring group. There are four spring groups
per truck. The Bucke&e six-wheel truck is shown in more detail
in Figure 3-5. '

3.4.2 Field Test Results i;f:

This vehicle was field tested eﬁ 23 June 1975 with a‘'load of
7'82 868 pounds at 61.8 1nches above the car deck. Each of, thej
spr1ng groups contalned three D-3 outer sprlngs, three D 3
inner springs, and an HS-6B hydraulic stabilizer. The peak
‘roll response during these tésts is given below:.
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Figure 3-5. Buckeye Six-Wheel and Eight-Wheel Trucks
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Peak Roll Angle

Speed (mph) (Degrees Peak-to-Peak) Wheel Lift (Inches)

5 1.4 0

10 5.6 0

12 2.4 0

14 i 0

16 4.4 0

18 4.4 0

19 L (minor)
20 4.8 (minor)

21 4,2 0

22 4.0 0

24 2.4 0

26 0

30 0

35 0.7 0

3.4.3 Model Validation Results

The same configuration tested in the field was simulated in

the computer model for validation purposes. The resulting roll
response is listed below, and plotted in Figure 3-6 together
with that measured in the field:

Peak Roll Angle

Speed (mph) (Degrees Peak-to-Peak) Wheel Lift (Inches)
19 2.1 oy
21 ” 1.8
23 6.6 1.2
24 Yo
25 4.0 1.0

The agreement between the two roll angle plots is only fair.

The peak roll angle in field tests was 5.3 degrees and occurred
at 19 mph. In the model validation run, the peak roll angle

was 6.6 degrees and occurred at 23 mph. The biggest discrepancy
between field and model results was in the magnitudes of wheel
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Figure 3-6. Roll Response - Vehicle No. 38444
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lift. Although the field test results showed negligible wheel
lift, the model indicated wheel 1lifts of 1.2 inches.

Since the correlation between field and model results was only

fair in regards to peak roll angle and quite poor in regard to wheel
Tift magnitudes, confidence in the validity of the computer

model for this vehicle was low. There was little point therefore

in proceeding with computer investigation of roll stability for
other configurations involving this vehicle.

3.5 VEHICLE NO. 39803

3.5.1 Vehicle Description

This is a 150-ton flat car (with a depressed center) made of
cast steel. The vehicle is 73 feet long by 10 feet wide and
has a light weight (unloaded) of 170,200 pounds. Two Buckeye
double 4-wheel trucks are used at a center spacing of 53 feet.
Each truck has four axles and eight wheels, with an axle spac-
ing of 60 inches. The truck (Figure 3-5) uses 6.5-inch x 12-
inch roller bearings and one Stucki HS-6 hydraulic damper for
each of the four spring groups.

3.5.2 Field Test Results

This vehicle was tested for roll stability on 22 November 1974

with a load of 212,337 pounds at 79.8 inches above the car deck.
The truck spring group configuration was six D-4 outer springs, six
D-4 inner springs and one HS-6 stabilizer. The test data shows
that this configuration was quite stable and easily met the

roll stability criteria (Appendix A). The roll response during
these tests are as follows:
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Total Roll Angle '
Speed (mph) (Degrees Peak-to-Peak) ° Wheel Lift (Inches)

5 - 0.6,
10
12 : 0.9
14
16
18
20
22 | 1.6
24
26
28
30
32.5

O O ©O O O O © O O O o o o

3.5.3 MODEL VALIDATION RESULTS -

The previous field-tested configuration for Vehicle No. 39803
was simulated in the computer model for validation purposes.
The roll angle results for this model validation run are plotted
in Figure 3-7 together with those of the previous field tests
and additional simulated configuration results. The model and
validation results differ by 51.percent in critical speed and-
20 percent in maximum roll angle. The discrepancy in maximum
roll angle is in part attributable to the worst-case simulation
of the four-axle truck as discussed in paragraph 2.3. No wheel
lift was experienced in the model validation results. The
minimum at 20 mph in the model roll response may be due to the
interaction of the vehicle torsional response with the basic
roll response. This is discussed more in Section 4.0. Based
on the results shown in Figure 3-7, it was assumed that the
model could be used to predict the roll stability of additional
configurations involving this vehicle with acceptable accuracy.
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Figure 3-7. Roll Response Vehicle No. 39803
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3.5.4 Simulated Configuration A

For this configuration, the load was increased to 228,000 pounds
and its center-of-gravity to 85.4 inches above the car deck.

This resulted in a slight decrease in roll amplitude and critical
speed as compared to the validation. Aagin, no wheel 1ift was
predicted by the model and this configuration is well within

the amanded AAR specification.

3.5.5 Simulated Configuration B

The load for this configuration was 164,000 pounds and its
center-of-gravity was 82 inches above the car deck. As shown
in Figure 3-7, the roll response of this configuration was the
highest of the three configurations tested at 3.1 degrees. The
critical speed occurred at 32 mph and no wheelift was experienced.
The roll stability of this configuration is well within the
amended AAR specification.

3.6 VEHICLE NO, 39837

3.6.1 Vehicle Description

This vehicle (Figure 3-8) is a 150-ton, depressed center flat car
made from a steel casting. Its load rating is 315,000 pouﬁds.
The car is 72 feet long, 9 feet wide, and has a light weight
of 122,600 pounds. The vehicle uses four ASF Ride Control
trucks that are grouped in pairs via a span bolster for each
of the two trucks. Thus, each pair of twe-axle trucks acts as
a single, four-axle eight-wheel truck, with an axle spacing

of 68 inches. The center-to-center distance of the truck com-
binations is 46 feet. The trucks use 6-inch x 1ll-inch roller
bearings and one Stucki HS-6 hydraulic damper for each of the
eight spring groups.

3.6.2 Field Test Results

Vehicle No. 39837 was tested for roll stability on 14 May 1975
with a load of 281,260 pounds at 78 inches above the car deck.
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Each of the spring groups contained six D-4 outer springs, six D-4
inner springs, and an HS-6 hydraulic stablizer. The table below
lists the peak roll angle and wheel 1lift in these tests.

Peak Roll Angle

Speed (mph) " (Degrees Peak-to-Peak) Wheel Lift (Inches)

5 T 0.9 0

10 - 1.2 0

12 1.3 -0

14 , 0

16 . 0

18 , 2.5 ‘ 0

20 2.4 T (minor)

22 ' 1.8 L (minor)

24 1.6 B ' 0

26 1.4 ) 0

28 1.2 0

30 ‘ 0

35 0.8 0

3.6.3 Model Validation‘Results

"The field tested configuration was also simulated in the coﬁputer
‘model for validation purposes. The results of this model valida-
tion run are shown in Figure 3-9 together with the previous

field test results and optimum simulated configuration results.
As can be seen, the model and field test results are in good
agreement. Both show a resonantAépeQd of 18 mph and resonant -
peak roll angles of 3.0 degrees and 2.5 degrees for the model

and field tests, respectively. As was the case for the 39803
vehicle, a higher roll angle predictéd by the model anticipated
end results from the worst-case simulation of the four-axle
trucks (refer to Section 2.3). Wheel 1lift in both cases was
negligible and was therefore not plotted. Thus, this configura-
tion satisfied the roll stability criteria.  The close agreement
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o Field Test (May 4, 1975)
O Model Validation Results
O Simulated Configuration
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Figure 3-9. Roll Response Vehicle No. 39837
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between model and field test results established the validity
of the computer model for this vehicle and its usefulness for
examining the roll stability of other configurations.

3.6.4 Simulated Configuration

This configuration differed from the validation case in that
the load was 30,000 pounds less at a center-of-gravity height
of 76 inches above the car deck. The simulated peak roll angle
versus speed is plotted in Figure 3-9 along with the model and
field test curves for the previous configuration. The peak
roll angle for the new configuration is smaller (two degrees)
and occurs at a slightly lower speed (17 mph). Wheel 1ift was
again negligible. Thus, the reduction of load and load center-
of-gravity for this vehicle produced improved response and no
difficulties in meeting the roll stability criteria.
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4.0

4.1 GENERAL

-To aid in evaluating the computer simulation results,
ing the degree of correlation with field test results,

ANALYSIS OF SIMULATION RESULTS

includ-

it is

useful to first analyze the track input functions for the

various configurations. Even though the track

themselves are the same for all configurations,

track roll and torsional inpats are a function
spacing and wheel base. This will be shown in

These inputs will be estimated for the various

perturbations
the effective
of truck center
Section 4.2.

configurations

in order to gain a better understanding of the simulated
results, particularly where those results are at odds with
field test results.

4.2 SIMPLIFIED ANALYSIS OF TRACK INPUT

Figure 4-1 illustrates the sine wave repfesentation of the

half-staggered rails and the. resultant roll input B4 produced
on a two-axle truck of axle spacing B. (For simplicity, the
gradual transition factor y/L for the first track input cycle

has been omitted.)

If y denotes the track position of the front truck center and
the restriction 'is made that A<<L, then the truck profile inputs

Rlland R, are simply
R1 = % [A sin %F ( ‘- %)+ A sin.%? (y + %)]
R1 = A sin E%X cos %? (17)
Ry, = % [A sin %F (y - %) + A sin %? (y + %)]
R2 = -A sin Q%X co %? (18)
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Making the small angle assumption, 1imiting‘A<<G, the roll angle
By of the front truck is then given by

=1' 2=_2_é'2'" ﬂ
Bl, — G sin _IX cos 3~ . (19)

We can utilize Equation (19) to obtain the roll angle B, of
the rear truck by replacing y by y - D, where D is the truck
center spacing. Thus,

_ . 2T mB ‘
By = < sin 3 (y - D) cos T (20)

Let B represent the average track roll input to the frelght
car. Then,

B =7 (B + By)
B = % cos - [sin Z%X + sin %? (y f’D)]

B = A cos Ir-E'[s-in E%X (1 + CoS E%—) - €OS Z%X sin Z%Q] (21)

We can also definé an average torsional input Yy to the freight

car as
Y=61'82
Y = %? cos'%? [sin Z%Z - sin %? (y - D)]

2 2wD

Y=vTT=cos_TT-[sin —%X (1 - cos —f_) + cos &M 2D

T sin. —TT'] . (22)

4

Equations ‘(21) and (22) allow us to interpret the effective
roll and torsional inputs to the freight car as a function



of truck center spacing D and wheel base B. Wheel base

B has the effect of reducing both roll and torsional inputs

by the factor cos (%?). However, truck center spacing D has
the most dramatic effect. Thus, for example, letting D L

reduces the torsional input y to zero while maximizing

average roll input angle B. Conversely, letting D = %L

(or L/2) reduces roll angle B to zero while maximizing the
torsional input angle y. Figure 4-2 illustrates the normalized
roll and torsional inputs for all truck center spacing rail
length ratios of intrest for a given wheel base.

4.3 MODEL VALIDATION

Initial attempts to validate the computer model for yehicle number
38444 were unsuccessful in that significant discrepancies existed
between predicted roll response and field-measured roll response.
In order to identify potential causes for these discrepancies,

a series of parametric studies were performed to determine

roll response sensitivity to parameter variation. At no time
were parameters varied for the purpose of acquiring a best fit
to field test results. The parametric studies, when supple-
mented with an analysis of system dynamics proved valuable in
gaining an understanding of the rock and roll phenomenon and

in identifying those parameters which had the most pronounced
effect on roll dynamics. In addition to verifying established
relationships between roll response and such parameters as

load, height of center-of-gravity, and vertical spring stiff-
ness it was determined that the location of the gib relative

to the axle centerline had a significant effect on maximum
carbody roll angle and wheel 1lift. In addition, it was
determined that (for lightly loaded vehicles) the Stucki
hydraulic stabilizer (HS-6) provided an effective damping
coefficient significantly less than the specified value.

Further investigation revealed that the combined effect of

light load and D-4 springs resulted in the damping device
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operating much of the time within a dead band of the damper
stroke (see Section 2.2.4). An important conclusion of the
initial validation effort is that the performance of vehicle
number 39551 can be significantly improved by installing

a hydraulic stabilizer which operates over the full stroke

of the damper. Corrections to the computer model and input
parameters made at the conclusion of the parametric study

and analysis effort resulted in near perfect model validation
for this vehicle.

Validation of vehicle number 39837 introduced a new problem;
that of modeling the 4-axle truck and span bolster. As was
discussed in Section 2.3, a worst-case approximation was made
based on a two-axle truck having equivalent mass and spring
stiffness. Based on the conclusion of Section 4.2, the
shorter wheelbase, two-axle approximation provides greater
input to the vehicle than the longer 4-axle truck and thus
the term worst-case approximation.

The validation of the computer model for the 39837 vehicle as
shown in Figure 3-9 is quite good. As was expected, based on
the preceding discussion, the predicted roll angle was greater
than that of the field results by approximately 25 percent
while predicted critical speed and wheel 1ift agreed well

with field results.

The truck center spacing to rail length ratio (D/L), discussed
in Section 4.2, for the 39551 and 39837 vehicles is calculated
to be 1.0 and 1.18, respectively. Figure 4-2 indicates that
the rail input for these ratios is primarily roll and con-
versely torsional inputs are quite low. The 39803 vehicle

has a D/L ratio of 1.36. From Figure 4-2, this ratio corres-
ponds to a significant torsional input to the vehicle based
on the 39-foot perturbation and reduced roll excitation.
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As discussed in Section 2.3, the representation of the flexible
car as .two half-bodies connected by a torsional spring has
limited. capability in-predicting roll stability particularly
for long flexible carbodies where torsional input to the
vehicle is high. Specific problems are:

° The torsional spring constant is not an
effective parameter, i.e.,it has no phy51ca1
significance. The selectlon of such a
parameter is based on relatively crude
approximations and the margin for error
is high. Incorrect selection of the
torsional spring constant may result in
errors in peak roll amplitude, critical
speed, and possibly produce attenuated
responses at.various speeds, due to the
relative phase between carbody roll and
torsion.

° The model predicts roll angles at the
center-of-gravity of the half carbody
while field results are measured over
the bolster. Thus predicted and measured
roll angles may differ significantly when
the car experiences appreciable torsion.

o Modellng the torsional response as a
-single valued roll contribution over
the total length of the half carbody
is only ‘an approximation of the true
mode shape. Additional degrees of
freedom are required to more accurately
model the torsional response where this
response is large.

Comparing the validation and field results in Figure 3-7 for
the 39803 vehicle, it can be seen that both the critical

speed and maximum roll amplitude differ by. 15 and 20 percent,
respectively. Also note that at 20 -mph the validation results
indicate a distinct null which may be attributed to the in-
teraction of torsion and roll modes as was discussed previously.
Although the degree of confidence is somewhat less than that
for the 39837 and 39551 due to the large torsional input, the
validation results were judged adequate to simulate two addi-

tional configurations.
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The vehicle number 38444 was the only one of four vehicles simulated
for validation purposes which prbducéd poor results. Although

time and funding limitations on the project prevented an in-

~depth study to determine the exact causes for the discrepancies,

an evaluation of model capability to simulate the characteris-

tics of this vehicle indicated no limitation which might cause

such poor correlation with field results. It must therefore

be assumed that one or more critical parameters were well

outside tolerance or that these parametér values were reported
incorrectly. |
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The conclusions that can be drawn from ENSCO's DODX computer
‘modeling effort fall into two main éategories[ The first
concerns the validity of the computer model as modified by
ENSCO, ahd.its potential for use in evaluating roll stability
of freight cars. Included in this'category are the identifi-
cation of those little-known physical'characferistics that
were found to be important in obtaining a valid simulation.
The second category of conclusions deals with the evaluation
of DODX vehicle roll stability for those configurations
investigated in the simulation effort. In particular, the
effect on roll stability of certain vehicle characteristics

was confirmed or established.

One major conclusion from the study is that the final cdmputer
model can accurately simulate the rock and roll response of |
conventional freight cars with two-axle trucks provided that

these cars are not prone to twist about the longitudinal axis,

The computer model can be used for freight cars with three

or four-axle trucks, but with a reduced accuracy in predicting
peak roll angle response and wheel 1ift. The capability of
the model predicting resonant speed would still be quite good.

The computer model is not effective for modeling the rock and
roll response of very long and/or flexible freight cars.
Freight cars whose truck center distance is greater than 1.3
times the 39-foot length of rail sections will receive a sub-
stantial torsional input from half-staggered rails (refer to
Section 4.2). This combined with the torsional flexibility of
very long cars can result in a substantially modified rock and
roll response. The computer model lacks the necessary degrees
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of freedom to accurately model the interaction of the roll and

torsional response when these responses are large.

For those vehicles whose roll response can be effectively
simulated by the computer model, it is still necessary to
accurately specify the vehicle inertial and geometric proper-
ties in order to obtain a valid simulation. It is also necessary
to specify flexural stiffness coefficients at the junction of

the car half-bodies that will effectively account for actual
vehicle flexibility. This is particularly true in torsion since
the vehicle torsional response can substantially affect rock

and roll stability.

It was discovered that under certain circumstances, the Stucki
hydraulic stabilizer has a deadband in which the damping force
is zero. In order to simulate damper operation accurately, it
is necessary to incorporate this deadband in the simulation
model. This is particularly true for lightly loaded cars in
which the dampers would operate much of the time in this range
of zero damping force.

Another little-known characteristic which was determined to be
quite important in its effect on roll stability is the vertical
height of the gib contact relative to that of the axle center-
line. Gib contact that occurs above the axle has a negative
effect on roll stability, and vice-versa for gib contact that
occurs below the axle. However, the negative (positive) effect
on roll stability quickly reaches a 1limit and further increases
in the distance of gib contact above (below) the axle have
little further effect.

The computer simulation studies of DODX vehicle roll stability
also confirmed or established the following cause-effect relation-
ships:
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] Softer truck suspensions generally result
in improved roll stability.

° Lowering the vehicle center-of-gravity
improves its stability.

@ The Stucki hydraulic damper improves
vehicle roll stability.

° Increased truck-axle spacing reduces the
effective track input from half-staggered
rails and thus reduces the vehicle roll
response.

] The truck center spacing has a dramatic effect
on the roll and torsional inputs transmitted
to the vehicle from half-staggered rails, and
thus has a marked effect on vehicle rock and
roll yesponse.

5.2 RECOMMENDATIONS

In order to obtain increased benefits from the computer
simulation of freight car roll stability, the following
recommendations are made for future studies:

“ Investigate the adequacy of the computer
model for very flexible car bodies; deter-
mine requirements for additional degrees of
freedom to obtain valid rock and roll response.

* Determine whether additional degrees of
freedom are required for three and four-
axle trucks in order to obtain satisfactory
accuracy of vehicle roll amplitude response.

® Perform parametric studies to determine
specific effects of vehicle and component
characteristics on roll stability; deter-
mine the need for further investigation of
promising design changes.

° Utilize simulation studies as a screening
device for additional field tests; these
studies could be used to recommend field
tests only for those vehicle configurations
that showed up as marginally stable in the
simulation studies.

5-3



~ 1.

6.0 REFERENCES

Tse, Y.H., "Method of Analysis for the Dynamic Behavior
of Flexible Body Railroad Freight Car," Master's Thesis
at Illinois Institude of Technology, Chicago, IL, Dec 1974.

Martin, G.C. and Tse, Y.H., "Parametric Studies on a
Railroad Freight Car Mathematical Model," ASME paper
75-WA/RT-11, presented at the ASME Winter Annual
Meeting in Houston, Texas, Nov 30 - Dec 4, 1975.

Goldberg, H., Classical Mechanics, Addison-Wesley Publish-

ing Co., Inc., Reading, MA, 1950.

Wiebe, D., '"Damping Requirements to Control Vertical and
Roll Motion of Freight Cars,'" presented at the ASME
Annual Meeting, November 1974,

Margiros, D.G., "Methods for Solutions of Nonlinear
Ordinary -Differential Equations, Applications,"
G.E. TM 9159-1, September 1968.

Car Stiffness Characteristics, AAR-FRA-RPI-TDA Research

Program on Track-Train Dynamics.

ENSCO, INC., "Test Results Summary Report for DODX
Railcar Stability Test," FRA Contract DOT-FR-64113,
30 December 1976.



APPENDIX A

AMENDED AAR SPECIFICATIONS D-65 -
TESTING SPECIAL DEVICES TO
CONTROL STABILITY OF FREIGHT CARS



II.

APPENDIX A

TESTING SPECIAL DEVICES TO CONTROL
STABILITY OF FREIGHT CARS
AMENDED AAR SPECIFICATIONS D-65

Scopé. These specifications cover testing and perform-

ance requirements for trucks or other special devices

to control car stability.

Test Conditions. The tests shall be conducted using

rail cars specified. This test will be run over a track

section as specified below.

'

A. Description of the'test cars.

1. Car shall be loaded to Specified loads to obtain
' the desired center of gravity.

2. Where conventional side bearings-are used the
side bearing clearance shall be 3/16 inches

minimum to 1/4-inch maximum.

3. Outside wheel rims to be painted white.

‘Test track conditions.

1. The track is to be laid to 4 feet 8 1/2 inches

gage with 39-foot rails of 100 pound section
“or heavier with joints uniformly staggered at
approximatelyklg feet and 6 inches, on a good
tie and ballast support. Outside face of high
rail head to be painted white. ‘

2. The tangent track for the distance in which the
' test trains will bé operated approaching the
shimmed joints shall have the joint condition
and crosslevel maintained to avoid excessive

. \
car roll.
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3. The.rail shall be shimmed opposite 20
consecutive joints to within 1/16 inch of
3/4 inch low joint conditidn. A re-check
of the crosslevel shall be made as often as
required to maintain the test conditions
uniformly.

Instrumentation. The test car shall be fitted with the
following instrumentation to check various conditions
developed in the test car during the runs over the test
track:

A. A vertical reference gyro to be placed on the longi-
tudinal center line of the car, preferably on the
center sill, near the body bolster of the car to
measure angular displacement of the carbody.

Specification for Vertical Reference Gyro:

Roll angle minimum #* 15 degrees.

Erection rate 2 degrees to 8 degrees per minute.
Accuracy 0.15 degrees of true vertical.

Pickoff resolution 1/8-degree or better.

vt B W N -
.

Potentiometer linearity 1 percent or better.

B. Accelerometers to measure angular accelerations about
the roll, yaw and pitch axes and linear accelerations
about the vertical, lateral and longitudinal axes are
to be mounted on the carbody. Specifications for
these accelerometers are:

1. Roll accelerometer range + 5 radians/secondz.

2. Yaw and pitch accelerometer range = 1 radian/secondz.

3. Vertical, lateral and longitudinal accelerometer
range +* 1 g.

4, Accuracy + 1 percent of full scale.
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Cabling potentiometers to measure spring group and
carbody to bolster deflection. Specifications are:

1. Linearity of 1 percent or better.

‘2. Range of = 5 inches.

Motion picture camera (or equivalent) shall be
installed to view the lead wheel of the lead truck

‘and’ the rear wheel of the rear truck and shall be

capable of showing any wheel 1lift or wheel climb in
relation to the rail.

Running Tests.

A.

Test train consist. The test train shall consist of

~the following locomotive and cars in the order
‘presented: ‘

1. 'Locomotive, '

2., Instrumentation Car.

3. Observation Cart (optional).

4. ‘Test car or cars ihcluding base (control car).

5. Trailing car which ‘should be a loaded car of
at least 77-ton capacity. |

6. Caboose or other car to compléte train consist
if desired. '

' The test train shall be run over the prepared section

of track at speeds beginning af'appfoximately 5 mph

and 10 mph and ‘then running in increments of
2 mph through the critical speed up to a limit of
about 35 mph. The speeds shall be accurately measured

by instrumentation in the instrument car. It may be

‘desireable to repeat runs at any speed, particularly
“within the critical speed range to establish precisely

the action of the car in the critical range.



V'

Specifications.

A.

The test car when operated under the conditions of
"IV. Running Tests'" shall not show excessive roll,
wheel 1ifting or derailment tendency. The limits

and definitions of these parameters are as follows:

1. The total roll angle as determined by the gyro
shall not exceed 6 degrees.

2. Wheel lifting shall be defined as '"slight" up
to 1/2 inch; "small" from 1/2 inch to 1 inch;
"medium" from 1 inch to 2 inches; '"'large' above 2

inches. Wheel 1lifts if developed shall be restricted

to "slight",

3. The derailment tendency is determined by the
action whereby the flange rides on the head of
the rail for any distance during the test.
This shall not be permitted and will be cause
for rejection of any device.

The data developed from instrumentation will be used
to determine the roll angle, wheel 1ift and derail-
ment tendencies of the car.
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RDS-500 FORTRAN4 REV. F @4-29-79
PROGRAM MRE
INTEGER CDBE,CDG.CDS. CDH, CDIX
DOUELE PRECISION AIX1.AIX2,AIZ1,ARIZ2,AIYL,ARIYE,AIY3.AIV4.AIYS: T12,
C RAIYE.B12Z,R12X.T12X,T122
DOUBLE PRECISION GKF.GKBE,GKG, GKS, GKW, GEKWX, SFLAT: SFUER
COMMOM-T1-Y (423, F(4@) , SAUEY (401 , DTHALF
COMMON-TZ-FR( 41, RDD(4) . FORP(4),FORG(4),FORW(4) . FORWX(4),FORZ(4),
* DAMBE (4, DAMG(4) , DAMI(4) , DAMUX (4) , DAMS(4) . DD(20) , EE(20) ,
X ARC112) ., FORBE(4), DAMSTK(4)
COMMOM. T4-51 .52, 53 54, ZB1, ZB2» ZB3, ZB4, CH1 , CH2, CH3, Chi4
COMMON-TS-U), AL . S, Dy B, SHALF: SBUART  F1, PIHALF . P1X2. SLOPE. YNTRCP. BLZ2
COMMOMN-TE~DT » DTHMAX, MT . KODE, 1D(40) , I0PT
COMMON-T7-FH1 » PH2, FH3. PH4, PR, FO2, PO3, P4, T, OM
COMMON-T72-TEM2: TEM3,: TEM4, TEMS, TEMFI » TEMFPJ, TEMF » TEME . TEM7?s SINTH,
C COSTH.PTEMP: THETA
COMMOMN /ADD-KSC(4), POGC . COEFF . COTEMP
COMMOM ~AA-DIS(22) . VEL(22) ,ACC(22) s RIX1 . ALXZ, AIVL.AIYZ.AIZL.AlZ2,
ALYZ,AlY4, AIYS, ATYVE, AML, AM2. AM3. AM4 . AMS, AMG .
F1.FP2,F3,FP4, BEL, BEZ, BE3: BE4, Z51, 252, 253, 254,
G1,52.63, 54, L1, 12,13 14, B1. B2, D1, D2, T12, B12X, B122Z,
pi8,6.Ti2x.T122,.C1,C2,C3,C4, FP, FBEN. MRP
COMMON-EFi1-D1FI, D2F I « FUERL, FUER2, FUER3, FUER4, FUERS, FUERE, FLAT1,
¥ FLATZ,FLAT3.FLAT4,FLATS. FLATGE
COMMOM ~BB1-GEF(4),5KBE(4),5K5(4),6K5(4), GEW{4) , GELX(4),SFLAT,
SFUVER s THRESH
COMMON ~FR2-CDBE(4),CDG(4),CDS(4), COWC4) . CDWX(4) . GDBE( 41 , GDS(4) »
GDGEC4),GDINC4 Y, GDHX (4, REAL, GDSTK(4)
COMMON/M/UELBE(4), UELS(4), VELG(4),FOF{4),POBE(4),POS5(4),POG(4),
FOW(41,AKF4) , AKBE(4) ,AKS(4), AKG(4) , AKH(4) . DBE(4), D50 4) ,
DSC40, DAY s POURCAY , AKX (4) , UELIWC4 ), UELIIKC4 Y, DX (4D
s VELSTE(4) , DSTE(4) s STKTHR, FOUMAX(4) , C(4)
COMMON-ADDSADARL
DATA FI.PIHALF,FIX2-2.1416.1.5702,6.2822~
S DATE 12.5.5
1111 COMTIMNUE
S LOAD BLEDME
DO S I=1,4
AES(I)=0.
POWCT Y =@,
POLIMAX T 1=0.
COMTINUE
REWIND 2
FEHIND =
REWIND 1@
CALL MEEIN
READ(Z,97) ADARL
97 FORMAT(F1@.5)
CALL MRBS1Z2
FEADCZ,99¢) NEP.NDJ, I0PT
990 FORMAT (315
DTHALF=DT- 2.
PTEMP=F [ X2¥MD.J
COTEMP=COEFF4SFLAT
SLOFE=4. %5
YNTRCP=5LOPE~2
BL2=B-2.
IF(NEP.EG.1) GO TO 21
HEITE(3.932) NDJ
992 FORMAT(® # OF DEPEESSION JOINTS FOR BOUNCING MODE SIMUL.=",12)

%6*.**
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PHi=2.KFH1
PHo=2 . XPH2
PH3=2 . XPH3

PH4=2. XPH4

OM=2. ¥0M
91 COMTINUE

I1=0

JT=0

P=0,

IF (KODE) 49,49.501
@1 CALL RESET
KODE=KODE-1
P=T
43  CALL MREL1
5@ CONTINUE
II1=11+1
S0 CALL RUNG2(49,P.JT)
IF (JT) 51@,100.510
510 CONTINUE
CALL MRBS22(F, JT)
G0 TO (512,511),NEP
S11  CALL MRB2A2(P,ND.J.JT)
512  CALL MRBS3Z
CALL SPCON
CALL DAM2
55 CALL ACCEL
DO 602 1=1,10
602 FUI)=UEL(I)
F(11)=UEL (12)
F{12)=UEL(13)
DO 604 1=13,20
J=142
604 FCI)=UEL(J)
DO 702 1=21,30
J=1-20
702 F(1)=ACC(J)
F(31)=ACC(12)
F(32)=ACC(13)
DO 703 1=33,40
J=1-18
703 F(1)=ACC(D)
G0 TO 500
109 CONTINLE
IF (1I-NT) 150,300,300
15@ CONTINUE
T=T+DT
GO0 TO 5@
300 T=T+DT
CALL RESET
WRITE UNIT 9 FILE
CALL MRBS4
WRITE UNIT 1@ FILE
i i
IF (T-DTHAX) 50,200,200
200 CALL MEND
STOF
END
NO ERRORS
SYM3 REU.G






RDS-500 FORTEAMN4 REV., F 94,2973

SUBROUTINE MREIM

INTEGER CDBE,CDi5, CDS, CDUdy CDHX

DOUBLE FRECISION A

DOUBLE PEECISIONM AIX1,AIX2,AIZ1.AIZ2,AIY1.AIYZ.AIY2AIY4, AIYS, T12,
C AlY6.B127,B12X, T12X. TiaZ ) :
DOUBLE PRECISION GKF: GEBE: GKG GKS: GKW« GKWX s SFLAT s SFUER
COMMON-TZ2-RE( 4, RDD(4), FORP(4) , FORG(4) . FORW (4} . FORKHX(4) , FORS(4),

X _ DEMBEC4) DAMGC 43 DAMWC 43 . DAMIK(4) . DAMS (4D, DD(2e) -EE(Z®) .
X

C OLD
C oD
C oD

1000

AAC113), FORBE(4), DAMSTK( 4)
COMMOMT3-R(4) - RD(4) s A5/ 5) . X(4) . CC(20)
COMMON-T4./51, 52, 53. 54. ZB1, ZB2. ZB3, ZB4. CH1., Ch2. T3, CN4
COMMOM-TS-UsAL.S. D, B
COMMOM-TS- s AL+ 5. Dy B SHALF SAUART.. PI . PIHALF, PIXZ, SLOFE. YMTRCP. BL2
COrMOM-T6-DT » DTMAX s NT s KDDE
COMMOMNTE-DT s DTMAX s NT » KORE » ID(40) I0PT
COMMON ~ADD%SC (43, POBC . COEFF
COMMON /QDD/XSC(4) POGC, COEFF, COTEMP
COMMON ~RA-DIS(22) . UEL (22) . ACC(22), AIX1  AIX2, ATYL. AIY2. AIZ1,AIZS,
C RIY3,AIY4, AIVS, ALYE. AML . AMZ2 . AM3. AM4 . 6M5, AMG,
P1,P2,P3,P4.BE1l, BE2, BE3. BE4, ZS1, 252, 253+ 254,
51:.62:.62: 64,141, H2. 13, W4,.B1:B2,D1.D2,T12, B12ns9122,
P12.6, T1ZX, T12Z,C1.C2,C3, L4+ PP, FBEN.NRF
COMMGN/AAL-D1P1, 2P 1 , FUERL, FUER2, FUER3: FUER4, FUERS, FUERG FLQTi;
% FLATZ2,FLAT3, FLAT4, FLATS. FLATG
COMMaN ~BBL/GEP(4) . GEBE(4) . GKS5(4 ). GKC(4)-GFNL4);GkN<(4);5FLQT-
" SFUER. THRESH
CUHMDN FR2-CDBE{4),CDE(4).CD5 (4;.CDN(4);CDNV14),GDBE(4),GDa(4);
EDGE(4),EDH(4) . GDUX(4) , REAL . GDSTK(4) -
COMMONM/UELBE(4) , UELS(4) , VELG(4) « POPi 4) , POBE(4) s POS(4) s FOG{ 4)
POLH 4) , AEP( 4) , AKBE(4) -, AKS(4Y, AKG(4) : AEL4) . DBE(4) . DG (4) ,
DSi4),DU(4) , PFOUXC4) , AKHXC4) , VELIC4) , VELHX(4) . DX (42
s UELSTK(4), DSTK (4, STKTHE, FOLMAX (4, C(4)
READ(Z2, 1€20) 1D

éé

FORMAT (43AQA2 3 :
BEAD (Z,10a1) AIX¥1,AIYL.AIZL,A1X2,RIYE,AIZ2,AIYIAlY4, AIYG, AIYG,s
X Al AM2, A3, A4 . AMS5,. AMG .
X Fi,P2,F3,P4,BE1, BEZ: BE3, BE4,.
X Gl.62,63,64, W1, W2, W13, 144,
b 4 51,52:53,54,28B1.ZB2, ZB3,ZB4,-
X ‘C1,C2,C3.C4,B1,B2.D1,D2,
X (H8CC1), 1=1,4),ClL,CH2,CH3, Cli4. D1P1 . D2ZPT
1291 ;DRMQT (EFIO 8-2F19.9/6F19.8-3(8F12.8-1,9F10.B8-9F19.9, .7, 2F10. 8)
51=51
252=82
Z53=53
Z254=54

READ (2,1010) U,AL,SsDsB

1810 FORMAT (SF1a.4)

1011

READ (2 1011) (BKPCI),I=1,4),

(GKBE(17,CDBE(I).GDBE(I):1=1.4),

- (BKECIY,COE(1),.6DGCI ), I=1,4D),
(GK5(1).CD5(1).6GDSCGI), I=1.4),
(GKHCT) «CDWCT) s GDHGI Y s I=14),
CEEKHXCTY , CDHXCT ), GDHACT) s [=1.4),

(CDEIK(I):I—1:4),STKTHE,
2:B12Z, Bl2X, D12, T12X%, T12Z .
FORMAT(4(F10. 9,/) 20(F10.@, [1,9%,F10.0),5F10.0./,6E10.3)
READ (2,101} PDGC,aFLRTsSFUER;EDEFF THPESH

1918 FURMAT (5F1@.8) -

\



EEAD (2,1093) (DIS(1),1=1.22)
READ (2:;1923) (VEL(1).I=1,22)
1003 FORMAT (2(BF1©.9-),6F10.0).
READ (2,105} DT, DTHAX,NT., KODE
1005 FORMAT (2Fl1e.5.215)
RETURN
END
N3 ERRORS -
SYM3? REU.G
:F
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SUBROUTINE MEBS12
INTEGER CDBE,CD5, CDS s CDlW, CDMX
DOUELE PRECISION A
DOUELE PRECISION AIX1,AIX2,A1Z1,AIZ2,AIY1,AIY2.AIY3,AIY4.AIYS, T12,
C AIYG,B12Z, B12X, T12X, T127
DOUBLE PRECISION GEP:GKBE,GKG, GKS, GKL, GKIX, SFLAT, SFUER
COMMON-T1-Y (42 , F(49) , SAUEY (40) . DTHALF
COMMON-T3-/R(4) , RD(4) . A(5,5), X(4), CC(20)
COMMON-T4-51 » 52,53, 54, ZB1, ZB2, ZB3s ZB4, CH1 , CU2. CW3, Chi4
COMMON-TS-U. AL + S, D» B, SHALF , SRUART» P 1 , PIHALF , P1X2. SLOPE, YNTRCP, BL2
COMMOM/T7.-FPH1, PH2, PH3, PH4. FR1 , PO2, PR3 PO4, T, OM ,
COMMON/T72/TEM2, TEM3, TEM4, TEMS, TEMF1 , TEMPJ, TEMP » TEMG , TEM7.» SINTH,
€ COSTH, PTEMF, THETA
COMMON ~ADD./XSC (43 » FOGC , COEFF » COTEMP
LUHHUH ZAA/DIS(22), VEL (22, ACC(22) , AIX1, ALX2, RIYL, AIY2, ATZ1,A1Z2,
AIY3,AIY4, AIYS, ATVE, AML, AM2, AM3, AM4, AMG, AMNG
P1.P2.P3, P4, BEL, BE2, BE3, BE4, 751, 752, 253, 254,
61,62,53, G4 L, W2, 13, 44, B1, B2, D1, D2, T12, B12¥%, B127,
© D12,6,T12X, T12Z,C1,C2:C3.C4, PP, FBEN: NRP
COMMON-AAL/D1PI ., D2P1 , FUERL. FUERZ, FUER3, FUER4 . FUERS, FUERG, FLAT1 »
% FLAT2, FLAT3. FLAT4, FLATS: FLATG
COMMON ~PR2/CDBE(4) ,CDG(4) ,CDS (47, CDW(4) s CDUX(4) , GDBE(4).,BD5(4) ,
GDG(4), DM 4) . GDIX(4) , REAL : GDSTK(4)
COMMON /BB1-GKP(4), GKBE (4) , GKS{4) » GKG(4) ; GKI(4)  GKHX (4) s SFLAT,
SFUER s THRESH
‘COMMON-MUELBE(4) , UELS(4) s UELG(4) , FOP(4) , POBE(4) » POS(4) , POG(4) »
FOM(4) , AKP(4) ,AKBE (4) s AKS(4) , AKG(4)  AKW(4) , DBE(4) , D5(4) ,
DS(4),DU(4), POUX( 43, AKWX (43 , UELWC4) , UELWX(4) . DX (4)
» UELSTK (4) , DSTK(4) » STETHR, POUMAR(4) , C(4)
DATE 12.5,5
PHi = 92 DEG IN RADS
PH1=PI
“"PBH2 — PORTION.OF SIN IN RAIL LEMGTHXTRUCK CENTER DISTANCE
IF(AL.E@,0.) STOP AL=0
TEM1=PIAL
PH2=TEM1%D¥2.
PH3 - 90 DEG + PH2 -
PH3=PH1 + PH2 ;
FH4 — PORTION OF SIN IN RAIL LENGTHXWHEEL BASE LENGTH
PH4=TEM1XB%2.
OM=TEM1%U  %2.
TEM2=1. + COS(PH4)
TEM3=SIN(PH4)
TEM4=COS(PH2)
TEMS=SIN(PH2) -

3 I I W

¥

P 3 3%

. THETA= QTQN((bIN(PHlJ+SIN(PH1 PH4Y+SIN(PH4)) - (1. +CDS(PH4)—CUS(PH1)

X -COS{PH1-PH4) )
SINTH=SINC(THETA)
COSTH=COS(THETA)

TEM2=COS (PH4)

TEM2=TEM2-1.

TEMG=TEMZXTEM4-TEM3XTEN 15

TEM?=TEM2XTEMS+TEMIXTEM4

"SHALF=5-2.

SEURRT=5-4.
FECTIFIED SIMNE

PA1=ABS(SINTH)

FRi= (Pu1+QBafaIHTH*TEHE~CUaTHYTEN3))*SHRLF
TRUE SINE



~

56

605

706

PRO1=5SINTH+SINTHATEM2-COSTHRTEMS
PR1=PRLKSHALF

T=0.

D0 S& I=1.4

DGECT =0,

50 TO Se

DG(1y=GDECT)

CONTINLIE
TEMP18=—(AML1+AMZ+HAMS) G- (GKW (1 Y +6KW{2) )
DIS(1R)=DIS(12)+TENP12

TEMPZ21 =— { AM2+AM44+AM6 ) X5 (KW 3) +BKH(4) )
DIS(21y=DIS(Z1 +TEMF21

TEMF12=TEMF18—-{ (AM1+AMZIXG-DGY 1 ~-D&R(21) 7/ (BKG (1 1+BKGEL 23 )
DISC12y=DIS(12)+TEMP1Z .
TEMP1S=TENP21 - (AM24+AM4 ) XG-DG(3)-DGE(41 )/ (BGKG L2 +EKG (43 )
DIS(15)=DIS(153+TEMP1S
BEF1=GKP(1)+BKF(2)

BEKF2=GKP{3)+GKF (4}

A(1l.:1)=—BKF1-B12Z

A(l.2)=Bi2Z

ACl.31=—BKP1kI'l + Bl2Z%Di1PI
AC1,42=Bi12ZXDPP1
ACL,5)=AM1¥G~-BEP1XTEMPL2

A{2, 1)=B12Z

Al2,2)=—BEP2-B127

A2 3)=—DiFIXBl2Z

AlZ.4)=BKPZ¥D2 —-D2P1XB127

A2 S =AMZA—BKP2XTEMF 1S
A¢3.1y=-BEF14D1 + B127%¥D1PI

AL3. 2 =-B12Z¥D1P1

A3, 32=-BKF1iD1¥x¥2. ~T12X —-Bi2Z¥D1PIX¥2
A(3,41=T1Z¥ —-B12Z¥D1FPI¥D2PI1
A{3,5Y=—BKP1¥D1LXTEMP12

Al<4, 1)=—B122%D2F]

AC4. 2)=B1ZZXD2F [ -BKP2ED2

AC4, 3)=—T12x +B12Z¥XD1F14D2PI

A4, 4)=BEPZ¥D2%¥2. +T12X + B12Z¥D2PIx¥2
A(4,5)=~BKP2¥D2XTEMP15

CRLL BAUSS (Asx.4)

DIS(2)=DIS(23+X(1)

DIS(7r=DIS(7I+X(2)

DIS(4)=DISC43+X(3)

DIS(II=DIS(31+X{4}

DO eR5 [=1,1Q

YCI)=DIS(1)

Y(11)=DIS{12)

Y(12)=DIS(12}

DO 666 [=13.20

J=1+2

Y(IL)Y=DIS(J)

DO 705 1=21.30

J=1-z0e

YCI)=UEL(J)

Y(31)=UEL{12Y

Y(321=VEL{13)

DO 7e6 1=33,40

J=1-18

YCIY=UELCID

DO 860 [=1.4

R{I)=0,



RD(1)=0,

869 CONTINLIE
RETURN
END

NO ERRORS

5YM3 REV.G
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102

22

24
100
S

[}
o

ie1

32

40
199

SUBROUTINE GAUSS (A XsMN)
DOUELE PERECISION A, TEMF,E
DOUBLE PRECISION TAR(S,5)
DIMENSIDON A(S,51,X(4)
DO 4 I=1,4
Da 4 J=1,4
TACI, J)=AC1.:.J)
CONTINUE
MP1=N+1
DO 20 I=2,M
IMi=1-1
TEMF=ACIM1, IM1)
DO 20 J=1,N
IF(TEMF.NE.®.) GO TO 1
FRINT 12, TEMP, IM1
FORMAT(1X,E15.8, 12
PEINT 10©,TA
PRIMT 19@,A
FOEMAT(SE1S5.8)
CONTINUE
DO 21 M=1.N
IF (A(M, IM1)) 3,21,3
DO 22 MM=1IM1,NP1
SAVE=ACM, MM
HM, MM =ACIML, MM)
ACIML, MM =SRVE
COMTINUE
HWRITE (3,199)
CONT IMUE

DUMF  =LST,=1,X’7000’ . X’ B3’
CALL. MEND
R=A(J, IM1)-TEMP
DO 26 K=I,HFP1
ACT, K)=ACJ, K)-R¥ACIML, KD
DO 30 I=2,N
K=H-1+2
IFIACK,EK).EQ.®.) PRINT 181,A{K:K)
FORMAT(’ DIAG @ IN BACK SOL ’,E15.8)
R=ATCK,;HP1) - A(K,K)
DD 20 J=1.H
L=N—-J+1
ACLsNF1)=R(L,MP1)-R¥A(L.K)
DO 4@ 1=1,H
XCI)=ACI, NP1 -ACI, 1)
CONT INUE
RETLIRM
quHﬁT (’ SIHGULAR COEFF. MATRIX’)
I

HNO ERRORS
SYM3 REV.G

F
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SUBROUTINE RESET
DOUELE PRECISION A -
DOUBLE PRECISION AlIx1,AIX2,AIZ1,AIZ2,A1Y1,AIY2,AIY3,AIY4, RITS, T12,
C ALYS,B12Z,B12X, T12%, TL2Z L
COMMOMAT1/Y € 49) . F(40) , SAVEY (403 , DTHALF
COMMON-T3-R(4) ; RD{4) ,A15:5), X(4) , CC(20)
COMMOM.T4.51 » 52, 53, 54 ZBL, ZB2, ZB3, ZB4» CUL» CHZs CL3, CL4
€ .OLD COMMOM-T6. DT DTMAX:NT» KODE
COMMOM~TE~ DT "DTHAX, MNT+ KODE, 1D(4@7, IDPT
C OLD COMMON/T7.FH1:PHZ: PH3: PH4, PR1 : FO2, PR3, PE4, T+ G, O
COMMON/T7/PH1  PH2, PH3: PH4, PR1, PO2, PR3, P4, T.OM
COMMON ~RA-DIS(227,VEL (22), ACC(22) » Al X1, AIX2, AlY1,AIY2, AIZ1,AIZ2,
" AIY3,AlY4,AIYS, AIY6, AML, AM2, AM3, AM4. AHS, ANG,
FP1.PZ2,P3,P4.BEl, BE2,BE3: BE4, 251,252, 253, 254,
61,52, 63, 64, 1L, W2, U3, 144, B1. B2, D1, D2, T12, B12%, B12Z,
Di2.G,T12%, T132,C1,C2,C3,C4, PP, FBEN, NRP
COMMON/M/UELBE (4) , UELS(4) , UEL:G(4) , POP (43 , POBE(4) , FOS(4) , POG(4)
POLC4) , AKP (4) , AKBE(4) , AKS (4 » AKG (4) - AKW(4) , DBE(4) , DB(4) s -
DS(4) . DHC4) » POUXC4) , AKX (4) , VELIIC4) , UELMX (4 , DX (4)
/UELSTK(4) ;DSTK(4) , STKTHR, POWMAX (4) ,C(4)
IF_(KODE) 10,10,20
B FORMAT(BE15. B)
10 URITE(S, BY(Y(1),1=1,40), (F(1)> 1=1,48) 2 (RCI)s I=1,4), (FOWCD) s 1=1,4)
yIRD(I),I=144),T
*EOFILE S
REWIND 8
RETURN
20 READ(S,8) (v(1),1=1,40), (F(1) 1=1,40), (R(I), 1=1,4), (POH(I),I 1.4)
+(RDCI) s 1=1+4)T
4MPITE(1s1®U)
1e@ FORMAT(’ SWITCH TAPES PLEASE’),
PAUSE TAPE .
POG(1)=Y (16)-Y(11)+BLX(Y(17)-Y(12))
POG(2) =Y (16} =Y (11)4G2X(Y(12)-Y(17))
POG()=Y(19) =Y (1) +BIX(Y(20)-Y(14))
CPOG(4Y =Y (19) =Y (13)+GAX(Y(14)-Y(20) )
ZS1=51-POG(1?
Z52=52-POB(2)
Z53=53-POG(3)
- 754=54-PBB(4)
RETURN
END
NO 'ERRORS
SYM3 REUY.G
tF
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SUBRCUTINE MRBL1
INTEGER CDEE.CDG.CDS: CDL, CDLX
DOUBLE PRECISION AIX1.AI¥2,A1Z21.AIZ2,AIY1.AIYZ,AIY2,AIY4,A1Y5, T12,
C ALY6, B127, B12X, T12X.T12Z
DOUBLE PRECISION GKF.GKBE, GEG: GKS. GKW, GKIY, SELAT, SFUER
" COMMOMN/T2/RR{4), ROD(4 ), FORP(4), FORG(4), FOR(4) . FORWX(4) , FORS(4),
X DAMBE(4) , DAMG (4 » DAMW(4) » DAMINK(4) » DANS(4) . DD(Z20) . EE(20) ,
* AAC113), FORBE(4),, DAMSTE (4
COMMON-/T4.S1, 52,53+ 54. ZB1, ZB2, ZB3, ZB4, CW1 , Cli2, CH3, Cli4
C oLh CoMMoM-TSAU,AL,S,D.B
COMMON-TS5-V. AL, 5. D. B, SHALE : SAUART., P1, FIHALF, PIX2.SLOFPE, YNTRCP, BL2
C GLD COMMON/Te~DT, DTMAX,NT, KOBE
COMMOM-T6~DT s DTMAX . NT » KODE . ID(40)., IOPT
COMMON-T7-FPHL, PH2: PH3. PH4, PQL1, FQ2,PA3, FR4,T.0OM
C OLD COMMON ~ADD~XSC(4), POGC, CAEFF
COMMON ~abD.~XSC(4), POGC, COEFF , COTEMP
COMMOMN ~RA/DIS(22) . VEL(22),ACC(22):AlX1.AIX2:AIY1:ARIYZ.AIZ1,AIZ2,
Aly3,01v4.AIY5, AlY6e. AM1L, AM2. AM3, 8M4, AlMS, AMG,
'P1,P2sP3, P4, BE1s BE2, BE3: BE4, 251, 252, 253 254,
51,62, 635 G4, M1, W25 W34, B1, B2, D1: D2, T12, B12¥, B122Z,
D12,15, T12X,Ti22,C1,C2, €3, C4. PP, FBEN: NRF
COMMON-ARL/D1P1, D2P1 . FUERL, FUER2: FUER3, FUER4, FUERS, FUERG, FLAT1, |
¥ FLATZ, FLAT3, FLAT4, FLATS, FLATE'
COMMON ~BB1-15GKP(4).6KBE(4),5K5(4), LGKG(4),GKU(4), BKNX(4) SFLAT,
. SFUER, THRESH
COMMDN /PPE/CDBE(4J:PDB(4);FDS(4) CDUC4) ; CDWX(4) , GDBE(4) , GDS(4)
GDE(4) . 6DLH(4) , GDUX(4),, REAL, GDSTK (4)
COMMON,/M-UELBE(4).. UELS(4) s UELG(4)., POP(4) , POBE(4), POS(4) , POG(4) »
POLC4),AKP(4) ,AKBE(4) : AKS( 4, AKG(4)s AKI(4) . DBE(4), DG(4),
DS(4), D4y FOWX (4 « QKWK (4) , UELLIC4) , UELIX () y DX (4D
+VELSTK(4) . DSTK(4) , STKTHR, PORMAX(4).C(4)
NRITE(3 leee) 1D, T.DTMAX
100¢ FORMAT(1H1,46%, * DODX COMPUTER SIMULQTIUN ~ UEHICLE MODEL' , /51X,
¥40RA2s 2X,’- RUM FROM TIME °,FB.5,° SECS TA TIME ’.F3.4,° SECS’)
NRITE(S;i@@E) QIXiQRIXEsﬂLYl,QIYEsQIYS;RI¥4:QIY5:QTY6,Q121;QIZE -
1902 FORMAT(40X, ' CARBODBY’ ,BX, *BOLSTER’ ,8X, *WHEELSETS’ , , 33X, 3(4X, "FRONT
X’ 3%, 'REAR’ ), 26X, "MOMENT OF INERTIA’, x;’PITEHING’;EFQ 1./;24X;
X’ ROLLING’ 41X, 6F8..1, <, 26X,  YARWING” , 2X, 2F8.11)
 WRITE(3,10203) AM1, AM2,AM3, AM4, AMS5, AM6
1603 FORMAT(6X,’MASSES (5LUSS)’, 14%,6FB.2)
HRITE(3s 1204) P1.P2,FP3.F4,BEl,BEZ2,BE3, BE4
1e94 FORMAT(51X, *FRONT' . 30X, "REAR’ » /> 6X, *DISTANCES + LENGTHS® .21Xs 'LEFT
X*s1@x, *RIGHT’ » 16X, *LEFT’ , 18X, *RIGHT’ , /. 8%, CENTERPLLATE RADIUS’ , 14X
¥ 2(F10.4,5X},2(5%, F10. 4‘9/!8%!,SIDE BEQRINGS TO CENTER’,9¥,2(F10.4,5
He 55X 2(5X,F10:4) )
NRITE(3,10@41) G1,62:63, 64, W1 .12, HH Wa - :
10041 FORMATC 8, *SUSPENSI0N GROUPS TO CENTER’:OSX;E(FlO 4;5X
%), 2(5%: F16.4), ./, 8%, "HALF OF GﬁBE’;c@X;c(FlQ 4, EA) ELSA-Fle 43} .
WRITE(3, 190042) 51,52,53,54 -
10042 FORMAT (38X ‘
¥, 'C.6. WHEELSETS® TO SIDE SPPINbﬁ’;EXsc(Fie 4, 5%);2(5% F19.4))
WRITE(3.1005) C1.C2.C3.C4,7B1,ZB2, ZH3.ZB4
1085 FORMAT (8, 'C.G. WHEELSETS TO RAIL®, 10X, 2(F10. 4,5%),2(5%,F10.4),/,8%, 'SIDE
*X: 'SIDE BEQRIHP CLEARANCE’", 10X, 2(F10.4,:5X), 2(5%,F19.4))
HRITE(3,1@251) (XSC(11,.0I1=1,4),CHl,CHZ,C3, CLi4
10051 FORMAT(2X,'GIB CLEARANCE® ,
X 193, 2(F19. 4;5%;) 2(5X,Fle.4)../,8X, *FLANGE CLEARAMNCE’ . 16X
¥ 2(F10.4,5x),2(5X,F10.4))
HRITE(3, 10052)E1, B2, D1, D2, D1FPI, D2E]

¥ I ¥ €

-)(-9(-

M M I



19952 FORMATC 8, 'C.6. CARBODY T C.G5. BOLSTER’»11X,
. ¥F16¢.4,25%,F10.4,~,89%, *C.E.. CARPODY TO CENTEPPLHTE’-ld% Fie. 4, 25%,
¥F10.4,/,8%,’C.G. WHOLE CAR TO C.G. HALF CAR’',8%.F10.4,25%,F10.4)
WRITE(3,18@6)» POGC,D:.B,AL,5
1908 FORMAT(3, 'SPRING GROUFP CLEARRAMCE,35X,F10.4, ., 8X,'TRUCK CENTER T
%0 TRUCK CEMTER®.29x,F10. 4; s B, "WHEEL BRSE'.47X,F18.4,.7.8%, "RAIL
. ¥LENGTH® , 46X F10. 4, -, 3, "MAXIMUM CROSS LEVEL *, 38X, F10.4)
WRITE(3, 1007 GKP.GEKBE
1007 FORMAT(6X. 'SPRING COMSTANTS’ , .~ 8%, 'CENTER PLATE VERTICAL’, 11X,
X 2(F18.9,5x%) . 2(5%, F10. @),,,SX- :IDE BEARING VERETICAL’ . 11X,
X2(F10.0,5%),2(5X,Fl1¢.0))
! WRITE(3,1e271) CDBE.GDBE
10071 -FORMAT(, o . - 12X "DAMP ING TYPE’;QA-'Q—UISFDUS’,BX-
- ¥2(110,8X).2(5x, 1101, .7, 13%, *DAMPING COEFF. '-3n- —CDULDHB’-ix,
*¥2(F10.0,5x),2(5X,. F10.60)) : )
. HWRITE(3,10072) GEG.CDB :
16672 FORMATY( : 8%, UaFEN"IDN UEPTICQL’;lan,EfFiﬁ.esSX)
- ¥, 2(EX,F10.0Y,.7, o s .
¥13, *DAMPING TYPE’ . BXs’G-UXSEDUS’,3K,2(Il®,SAJ,c(5AsIl®J}
MPITE(os QO73y D5, Gh
" 16073 FORMATY( : :
*lBX,’DHMPING COEFF. -3’:’l—CDULUHE'.1V 2(T10 0,5%),2(5X,F10.2), /,
*8X, "SUSPENSION LATERAL’ . 14X, 2(F10.@.5X).2(5X:F18.4)}
‘WRITE(2,10074) CD:;GDS i '
1@9”4 FORMAT( - t
SKALHE T DAMPING TTPE’ 3K TO-UISCOUS? , 2%, 2( I10:5X) v 2 (5%, 110), /.
¥13, *DAMPING COEFF. * » 32X, 7 1-COULOMB? -1A-E(F10 @-Jn) E(qn-Fie.O))
WRITE(2; 123Q75) GDSTKsSTKTHR :
10075 FORMATY )
¥2%, *STUCKI DAMPING CDEFF.*,11X,2(F10. 0 SVJ,E 5h,F1@.®),/,
¥13, "FEBK LIMIT? , 1X, Fiu 15D
CALL MRBL1A
RETUEM :
EMND
MO ERFORS
5¥M3 REUV.G
i

4



EDS-502 FORTEAM4 BEV, K ¢ =
SUBROUTIME MEBL1A
INTEGER CDEE.CDGE, CDS CO CTEY
DOUBLE PRECIZION AIXKL.AIXS.AIZ1.AIZ2,AIY1,AIY2.AIY2AlY4:AIYS, T12,
C AldG, Blad,B12K: T1ax. T122 .
DOUELE FEECISIOM GKF:GEEE, GEG GKSs GKH GELM, SFLAT SFUEE
COMMON-T2-ER(4) EDD(4), FORP(4) , FOBG(4 1, FORWUC4Y , FORWA(4) . FORS(4) .
X DEMBE (4) , DAMGC4Y : DAMWC4 Y DAMLEE (4, DAMS (40, DDIZ@) . EE(Z0) »
* ARCLL3) « FORBE(4) s DAMSTE (4) .
COMMOM-T4-51 : 5285 53 54+ ZB1 2 ZB2» ZH2: ZB4, CHL - CHE» CHE, T4
COMMON-TSA )« AL s S Da By SHALF « SRUART s P 1 s PTHALF « P12« SLOPE, YMTECE, EL”
COMMOM-TE DT s DTMAN MT « KODE, I1DC4e) . JOFT
COMMOrM-T7-FH1 » PHE PH3s FH4, FOIL . P2, PR3 P4, T, OM
COMMOMN ~ADDXSCE4) , PORC . COEFF , COTEMP
FﬂNNDN SARCDIS(E2)Y S VELCES) s RECIZ2Y - AlKL AIXZAIYL, AIYZALZ1L ALZE2
ALYZ:AlY4, AIYS, AIYE AML . AME . AM3: A4 AMS, AMG »
F1.P2.F3, P4, BE1: BEZ; BE2, BE4. 251, 252, 252, 254,
51,6263 G411, Uc~Nq-M4,Bl E2.D1.D2,T12:B12X,B127,
D26, T12x%, T122,C1: L2+ C3: C4. FP» FBEM, MRP
COMMONAA1-DAF1 , D2F1 s FUERT » FUEPc-FUEPB FUEE4, FUERS, FUERG: FLAT1 »
¥ FLAT2.FLAT2: FLAT4,. FLATS. FLATG
COMMOM ~“BR1-GKF(4), GEBE(4) s BKS(4) s BKG(4), GEH(4) « BKWX(4) s SFLAT

¥ SFUER, THRESH ’
COMMOM PRZ-CDBE(4) ,CDE(4) . CDSC4) : CDW (4 . CDWXT4) « GDREC4) s GDS(4) .
X GREC4) . GDHC4) » GDIK(4) » REAL , GDSTE (4)
COMMON-TM-AVELBE(4) » VELS(4) . VELG(4) « POP(4) , FOBE (41, FPO5(4) . POG(4),
X Pan4)sHYP(4)!ﬂKBE(4)59K5(43sﬂKB(43!9KH(4)!DBE(4)!DE(4)!
X S04 s DO s PO C4) s REWA (42 VELIWC4) s VELWX (40, DX (42

X TMVELSTE(4) . DSTEC4) s STEKTHR: POLIMAX4) , C(4) *
COMMOM/ADDE/ADAR 1

HMRITE2, 1002)GKM. CDII
1008 FUPMﬂTfP%,’TFRPK VERTICAL ", 18X.2(F1D. 0,
¥1304 "DAMPING TYPE’ » 23X, " @-UISCOUS’ « 34, 2¢
WRITE(3, 10081) GD, GKMX
19921 FOEMAT(
*12%: *DAMPING COEFF.” s 3%, 7 1-COULOME? » 1% 2(F10.2,5%), 2(5%: F10.0), /,
¥, TRACK LATERAL ', 19, 2(F12,@,5x),.2(5<. F19.0))
WRITE(3, 10632 CDIIx, GDLX
1e282 FOEMAT(
¥13X. *DAMPING TYPE' » 3K, '@-U15COUS" X;E(l D551, 2(5%. 1103, 7,
¥12Xs *DAMPING COEFF, * » 3¢, * 1-COULAOMB® s 1%, 2(F10.90:.5X) : 2(5X%,F1@.0))
WRITE(3,1003)T12.B12Z,B12¥, T12X. T122
1992 FOEMAT(6x: *STIFFHNESSES BETWEEN CAR BODIES® . 28X, "TORSIONAL’ s 1X,
¥E12.5. 1X:"BEMNDIMG UVERT.®. 1X,Ei12.5, 1X,'BENDING LAT.’'. 1X,
¥E12.5:° PITCHING s 1X:E12.5: 1X:*YAWING’: 1X:E12.5)
HRITE(3, 1©1@) SFUER, SFLAT, COEFF _
101@ FORMAT (6%, 'STIFFNESSES OF SIDE FRAMES’ - 4X, "UERTICAL’  1X.E12.5,
¥5Xy "LATERAL "y 2Xs E12. 5+ /s 6Xy *COEFF. OF FRICTION AT GIB’., 14X,E12.5)
WRITE(3,1011) DIS.VEL :
1011 FORMAT(Z21xX.’ FRONT 15X
X’ REAR ’;/,Snn’INITIﬂL DIS
¥PL. " s 5

X LAT. ’ s 5Xs "VERT. * +6Xs *ROLL ' s 5X: *PITCH® » 7% *YAK” » 7%, "LAT. ", BX, " U
¥ERT. ' s6X, "ROLL® s 686X, "PITCH’ s 5Xy "YAN" s 7

¥EXs *CAR BODIES’ 4 1X,5F19.4, 1X:SF10, 4, .~

X8y " BOLSTERS® + 3%, 3F10., 4, 21X: 3F10. 4, 7,

¥8Xs *LIHEELSETS® » 2X: 3F19, 4. 21X, 3F10, 4, .,

¥y P INITIAL UELDEITY’sBX,’LHT.’sSX,’UEPT ' SXs ROLL’ »6Xs "PITCH® 5 7,
Ks YR 16X *LAT. ? +6X "VERT. * s 5X: "ROLL? s 6%y *PITCH" » 7%, *YAN’ 5~
*¥8%,'CAR BODIES’ : 1X:5F12.4,1%:.5F10.4, 7,

= Equ:Flﬂ 2)ss
110:5%) 2 (5%, [10)




*¥8X, ' BOLSTERS’ , 3X, 3F10. 4, 21X, 3F10.4, /,
*¥8X, ' WHEELSETS’ , 2X, 3F10. 4,21X, 3F10. 4)
TN=FLOAT (NT)XDT
WRITE(3,1@12) V,DTs TN, T, DTMAX
1912 FORMAT(6X,*TRAIN SPEED:’,F6.2," FT/SEC,’,2X,’TIME INCREMENT:’,F7.5
Xs’ SECS,’,1X,"PRINT INCREMENT:’.F6.2,’ SECS,’,/,6X,’START TIME: *,
¥XF6.2," SECS,’,4X,’'STOP TIME:’,6X,F6.2," SECS’)
PRINT 1017, ADAR1l. THRESH
1017 FORMAT(~,’ STUCKI DAMPER STROKE =’,1X,F10.5,5X,* THRESH LEVEL="',

.1X,F10.5)
G0 TO (1,2,3), I0PT
1 PRINT 1013
1013 FORMAT( 73" %X ABBREVIATED OUTPUT’)
G0 TO 19
b PRINT 1014
1914 FORMAT( <’ ¥ FULL OUTPUT’)
G0 TO 19
3 FRINT 1015

1215 FORMAT( <+’ X FULL AND ABBREVIATED OUTPUT’)
10 PRINT 1016
1916 FORMAT(1H1)
RETURN
END
NO ERRORS
SYM3 REV.H
:F



RDS-500 FOETRAN4 REV. F 04-29-79

io

SUBROUTINE EUNG2(N. %, JT)

COMMOM/TL1-Y (403 F(42), SAUEY (4@) , DTHALF
COMMOM.-TE-DT « DTMAX , NT » KOBE, 1D(4@)., I0PT
JT=JT+1

G0 TO (1.2.2),JT

RETLUEN

DO S J=1,N

SAVEY(J)=Y(J)

Y(Ji=Y(J)+DTHALF¥F (J)

COMTINUE

%=x+DTHALF

RETLIEN

DO 10 J=1.,N

Y(J¥=SAVEY (J)+DTXF(J)

COMT INUE

X=X+DTHALF

JT=2

RETURM

END

NO ERRORS
SYM3 REV.G

F
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520 FOETEAN4 REV. F @4.29-79

SUBROUTINE MEBSZ2(P,..JT)

DOUBLE FRECISION A

DOUBLE FRECISION AIX1,AIX2,A1Z1.A1Z22,AIY1AIV2.AIV3,AIY4,AIVE.T12,
C AIY6,B12Z,B12X,T12X,T122

COMMOMN-T1.-v(4@),F(40), SAVEY(40), DTHALF
COMMON-T3-R{43,RD(4),A(5:51,X(4),CC(20)

COMMOMN- TS, AL » S5 Dy Bs SHALF » SQUART, F1, PIHALF . PI1X2, 5LOFE, YNTRCF. BLZ
COMMOMN.-T&~DT » DTMAX s NT » KOBE, ID(49)., IOPT
COMMON/T?~PH1 » PH2, FH2, FH4 . PQ1, PO2. PR3, PG4, T, OM

COMMOMN-T72-TEM2, TEM3, TEM4, TEMS, TEMPI , TEMPJ, TEMF s TEMG, TEM7, STMTH,

C COSTH. PTEMP. THETA

& £ S 2 1 X

600

COMMON ~AR-DIS(22), VEL (223, ACC(22) »AIX1 . AIXZ,AIVL . AIV2.AIZ1.AIZS,
AIY3,AIY4, AIVS, AIYE, AML, AM2, AM2, AM4., AMS. AME.
PinE-P3,P4;BE1,BEE-BE3;BE4;ZSlsZSE;253-ZS4,
51,6253, 64, 1. W2, W3, 14, B1,B2, D1, D2, T12, B12X, B122,
Di12,G,T12X.T122,C1,C2,C3,C4, PP, FBEN, NEF

CDHNDH/H/UELBEV41 VELS(4),UELG(4),POF({4),POBE(4),F0S5(4),F0G(4),

POWC4),AKF (4) . AKBE(4) , AKS(4),AKG(4) . AKH(4) . DBE(4), DG(4),
DS(4), DAY, POWX(4) s AKWX(4) , UELII(4) , UELINX (43, DX (40
s VELSTK (44 DSTK(4), STKTHR, POUMAX{4),C(4)

DATE 12.5,5
DD 600 1=1,10
DIS(I)=Y(1)

DIS(12)=Y(11)

DIS(13)=Y(12)

DO 601 1=132.20

J=1+2

DIS(Iy=Y(])

DO 700 1=21,30

J=1-20

VEL(J)=Y(I)

VEL(12)=Y(31)

VEL (13)=Y(32)

DO 701 =33, 4@

J=1-18

VEL(J3=Y(I)

DIS(11)=DIS(1)-D1XDIS(5)-B1*DIS(3}

DIS(14)=DIS(6)+D2¥DI5(10)-B2¥D15(8)

VEL (11)=VEL (1)-D1*VEL (5)-B1XVEL (3)

VEL (14)=VEL (6)+D2¥VEL (1@)—-B2XVEL (8)

TEMP=DMXP+THETA

x1=1.

Z2=1.

IF(TEMP-THETA.LT. PIX2)X1=0MXP/P1X2

IF(TEMP-THETA-PHZ2.LT.PIX2) Z=(OMXP-PH2)-FIX2

GO TO (92,93),MRP

CONT INUE

R1= (SINCTEMP))

R2= (SIN(TEMP-PH1))

R3= (SINCTEMP-PH2) )

R4= (SIN(TEMP-PH3))

RECTIFIED SINE
R1D=(ABS(R1)+ABS(SIN(TEMP-PH4 ) ) ) XSHALF-PQA1
R2D=(AB5(R2Y+ABS(SIN{ TEMP—FH1-PH4) ) > XSHALF-PQ1
R3D={(ABS(R3)+ABS (5IN(TEMP-PH2-PH4) ) ) XSHAL F-FP31
R4D=(ABS(R4)+ABS (SIN(TEMP-FH3-PH4) ) ) XSHALF-FR1

TRUE SINE
R1D=(R1+ (SINCTEMP-PH4) ) YXSHALF-FQ1
Ra2D=(R2+ (SIN(TEMP-PH1-PH4) ) Y XSHALF-PO1



S3

51

s3
54

R3D=(R3 + (SINCTEMP-PH2-PH4) ) ) XSHALF-PR1
R4D=(R4 + (SIN(TEMP-PH3-PH4) ) )XSHALF-PQ1
R1D=R1DX¥X1

R2D=R2DXX1

R3D=R3DXZ

RA4D=R4DXZ

RD(1)=(R1D-R(1))DTHALF
RD(2)=(R2D-R(2))/DTHALF

RD(3)=(R3D-R(3) )/DTHALF
RD(4)=(R4D-R(4))/DTHALF

R(1)=R1D

R(2)=RaD

R(3)=R3D

R(4)=R4D

G0 TO S1

IF((OM¥P-PH2).6T.9.) GO TO 51

R(3)=0.

R(4)=0.

RD(3)=0.

RD(4)=0.

DD 54 1=1,4

IF(PONCI) . LT. POLMAX(1)) POWMAXC(I)=POWCI)
IF(POW(]I)) 53,53,54

Ri{1)=0.

RD(1)=0.

CONTINUE

RETURN

END

NO ERRORS
SYM2 REV.G

:F
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SUBROUTINE MEBZAZ(F.NDJ, JT?

DOUBLE PRECISION A

COMMONAT3- R4 RD(4) . A(5:.5), X(4),CC20) -
COMMON-TSAL AL .S D B SHALF . SRUARRT, P11, P1HALF . P1X2. SLOPE . YNTRCF, BL2
COMMONATE-DT« DTMAX . NT - KODE, ID( 401, I0OPT .
COMMONAT?27TEMZ: TEM2s TEM4, TEMS: TEMFPI s TEMPJs TEMP . TEMG s TEM 7 SINTH,
C COSTH, PTEMP. THETA

COMMONMASELBE( 4)., VELS(4)., UELG(4) . POP (43, POBE(4) , POS(4), POG(4)
b POW{4) s AEP(47 - BKBE( 4}, AKS{4) ,AKG(4) , AKW{4) , DBE(4), D5(4),
X DS(4) . DUC4) - POMK(4) AKX (4) , UELIW (4 s VELIK (4« DX (42
¥ SUMELSTE(4) . DSTK( 47, STKTHR, POLMAX(4),C(4)

s DATE 12,5,5
93  R11=TEMPJ
IFC(TEMP-PTEMP)  .GT.@.) R11=1.
R31=ABS( TEMPJ*TEM4—TEMP IXTEMS)
IF( (TEMP-FH2).LT.0.) K31=1.
IFC(TEMP-PH2-PTENF)  .GT.0.) R3i=1.
R12=TEMPJYTEM2+TEMP I ¥TEM3 .
IFCCTEMP-PH4) .LT.@.) R12=1.
R32=TEMPJXTEMG6+TEMP I XTEM?
IFC(TEMP-PH2-PH4).LT.0.) R32=1,
1F ( (TEMP-PH2-PH4-PTEMF)  .GT.0.) R32=1.
Rl= (R11+R12)*SQUART-SHALF
R3= (R31+R32)*SEUART-SHALF
R2=R1
R4=R3
RD(1)=(R1-R(1))/DT
‘RD(2)=(R2~R{2) ) DT
" RD(3)=(R3-R(3))~DT.
RD(4)=(R4-R(4) /DT
BC1)=R1 . _
R(2)=R2 ‘
R(3)=R3
R(4)=R4
51 D054 1=1,4. :
1F(PUN(1))53,53,54
53 - R(1)=0..
ED(1)=0.
54  CONTINUE
RETURN
“EMD
MO ERRORS
5YM3 .BEU.G
R (NS
qua REV.G.
srna REV.G. .
iF
SYM3 REV.G

557“13 REU.G
SYH3 REU. 5
SYNS ‘REV. 6

STHB REU.G



RDE-Bow FORTRAM4 REU. K 94-30-79
SUBROUT IME MEBS3Z2
INTEGER CDBE.CD5. CDS, CDWs CDIX
DOUBLE PRECISION A

DOUBLE PRECISION AIX1.AIX2,A1Z1,AIZ2,A1Y1,AIV2.NIY3, ALY4, AIYS, T12,

C AIY6,B12Z,B12X, 112X, T122

COMHON-T3/R{4) , RD(4} , A(5: 53, X(4), CC(2)

COMMOM-T4/51 .52, 53: 54, ZB1, ZB2, ZB3. ZB4, UL, CH2, CH3, Cli4

CDMMDN SAACDIS(22) . VEL (22), ACC(22) s ALXL . ALZ, RIYL, A1Y2, A1Z1, A1 22
AIY3.AIY4,AIYE,ALYG: AML, A2 AM3. A4 AFS, AMG,
P1,P2,F3,P4:BE1, BEZ, BE3, BE4, 251, 252, £53, Z54,
Gl;BEyGEsB4;N1sNE,NB,N4pB1,BEsDisDEsTla,BIEX,BlEZ,
D12.6,T1e%, T122,.C1,C2,C3,C4, PP, FBEN. NRP ~

COMMDON ~FR2-CDBE(4),CDG(4),CD5(4).CDWC4) , CDIX (4} . GDBE(4) , GDS(4)
GDG(4) s GON(4Y «GDHX(4) s REAL . GDSTKI4)

COMMOMNAT-VELBE(4) . VELS(A4) , UELG (4, POP(4) , POBEL4) , FOS(41, POG(4),

POLICA) s AKP(4) , AKBE(4) , AKS(4) , AKG(4) . AKC(4) s DBE(4 ), DI5(4) .
DS(4) s DNT4) s PONK (4T, AKWK (47, UELIC4) , VELIWX(4Y , DX 4)
sUELSTKC(4Y, DSTK (43, STKTHR, FOLMAX (4, C(42
DATE 11,.5.26 :

TEMP=DIS(12)-DIS(2)-DIS{42%D1

TEMP1=D]IS(2)-DI5013)

POP(1)=TEMP-FLXTEMP1

POP(2) =TEMP+F2XTEMF1

POBE(1)=TEMP-BE1XTEMP1-ZB1

POBE(2)=TEMP+BE2XTEMP1-ZB2

TEMP= DIS(iq)—DIS(rJFDIP(Q)*DP

TEMFP1=DIS(8)-DI5(16)

POF (3 =TEMP-P3XTEMP1

POP () =TEMP+P4ETEMPL

POBE(3) =TEMF-BE3XTEMP1-ZE3

PORE(4)=TEMP+BE4XTEMP1--ZB4

POS(11=DIS(11)Y--DIS{17?)-ZSIXDISAD)

FOS(2)=P0O5({1) , .

PUS(3)-DIS{14)-DIS(2)-ZS3UDIS(22)

FOS5(4)=P05(3) :

TEMP=DIS{12)-D15(12)

TEMP1=DIS(13)-DIS(12)

POG(1)=TEMP-G1XTEMP1 »

FOG(2)=TEMP+G2TEMP1

TEMP=DIS(21)-DIS(15)

TEMFPL=BIS(162-DIS{22)

POG(20 =TEMP-G3XTEMP1

FOG (4) =TEMP+G4XTEMP1

POMCLY=R(1-DISC18)-UHIXDIS(19)

FOW(2)=R(2)-DIS(18)HI2XDIS(19)

POW(3)=R(3)-DIS(21Y-H3¥DIS(22)

FOU(4)=R(4I-DIS (21 2+L4XDIS(22)

POLK(L3=-DIS(17)4C1XDIS(19)--Clil

POLIX(2)=DIS(17)--C2EDIS{1D) -T2

POUK(2)=-DIS(2)+H3XDIS(22)-CH3

FOLIK(4)=DIS(201-CAXDIS (221 -Cli4

TEMP=VEL (12)-UEL (2)-UEL (4)XD1

TEMPL=VEL (3)--UEL (13)

UELBE(1)= TEMP--BELXTEMP1

UELBE(2) =TEMP +BEZATEMF1

TEMP=UEL (15)--VEL ("7)-tVEL (2)%D2

TEMP1=VEL(8)-VEL(16)

UELBE (3) =TEMP--BE3XTEMF1

UVELBE(4)=TEMF+BE4XTEMF].

**9(-*

»*

w



VELSC1)=UEL 111 )-VEL (17} —-2S1XVEL (13)
VELS(2y =UELS (1)
VELS(Z) =UEL (14)-JEL (2€)—-ZS3KVEL (22)
VELS(43=VELS(3)
TEMP=UEL(18)-VEL (123
TEMP1=UEL_(132)-UEL_ (19
UVELG(1)=TEMP--G1¥TEMF'1
VELG(2)=TEMP+G2kTEMPL
TEMP=VEL (21)-VEL(15)
TEMPL=LEL ( 16)--VEL {22}
VELG(3) =TEMP--GZXTEMF1
VELG(4)=TEMF+G54XTEMP1
D0 1O [=1.4
UELSTEC T 3=UELB(1)

10 COMTIMUE
VELWC1) =-UEL {18)-H1¥UEL (19)4-RD(1)
UELW(Z2Y=—LIEL (18)+{=2¥UEL (19)+RD(2)
VEL (3 Y =~-UEL (21 )~W3IXUEL (22)+RD(3)
VELMC4) =—UEL (21 ) H44XUEL (22)+RD1 42
VELIWX (1 1=—VEL (1 7)+C1XUEL(13)
VELHK(2)=VEL (1°7)-C24VEL (197
UEL LK (30 =—LEL {20 +C3XVEL (22)
UELLECA Y =UEL (22 -CAELE (22)
Z251=51-POS(1)
252=52--FOG (&)
£53=53-F0G(3)
Z54=54-POE{4)
FEAL=AMZ¥ACC (1L I+POS (1 IKAKS (1) 4+FOS (2 XAKS(2)
EETUIRMN )

- . EMD

NO EREORS

SYM3 REVLH

:F






RDS-50@ FORTRAN4 REU. K @4/30-79

SUBROUTINE SFCON

DOUBLE FRECISION GKP,GKBE,GKG5: GKS, 5K, GKIWX, SFLAT s SFUER

COMMON ~ADD-XSC(4) , POGC s COEFF s COTEMP

COMMON ~BB1/GKP(4),5KBE(4),GKS(4), GKG(4) , GKH(4) , GKWX(4), SFLAT,

SFUER, THRESH

COMMON/M-VELBE(4), VELS(4),UVUELG(4), POP(4), POBE(4),PO5(4),P0O5(4),
FOLC(4),AKP(4) . AKBE(4) . AKS(4) . AKG(4), AKLI(4), DBE(4), Di5(4),
DS(4) . DIC4) s POWX(4) s AKWX (4) s UELW(4) , UELNX(4) , DWX(4)

sUVELSTK(4), DSTK(4) . STKTHR: POWMAX (4) ., C(4)

SET STIFFMNESS PARAMETERS FROM CORRESFOMDING STIFFNESS INPUTS AFTER
CONSIDERING POSITIONS

DO 600 I=1.,4
SET CENTERPLATE STIFFMNESS

igiole
W

!

[wln]

IF (POF(1)) 10.,20,20
1@ AKP(I13)=0.

G50 TO 19e
20 AKPC(I1)=GKP(I)

C
C SET SIDE BEARRING STIFFMESS
E
1

(%1% IF (POBE{I1)) 116,120,12
119 AKBE(I)=@.
G0 TO cee
1@ AKBE(I)=GKBE(I?

SET UVERTICAL. SUSPENSTON STIFFNESS

| B
&
200 RL=POGC] }
IF (RL-FOGC) 210,220,220
21@ AKG(I)Y=6GKG(1)
50 TO 30
20 AKGO] )= ({GKGT ) XPOGE+ {RL-POGE Y XSFUER) /R

SET LATERAL SUSFENSION STIFFMESS

RL=ABS(FO5C(I)
FEERE=XS(] )
31@ AKS(I1=GKS(I)
G0 TO 400

322 AES(I)=(GKS{I)KLSCII I+ {RI_—-XSC( 1) YXSFILLAT)Y-RL

)
) 219,329,320

C
C SET VERTICAL TRACK STIFFNESS
|

qea [F (POLCTY) 410, 4209, 420
41@ AEHII =0,
=0 TO S0
420 AKWOT y=RELOT)

SET LATERAL TEACK STIFFHESS

5] IF (POHXCI) ) 510,520,520
510 AKHX(] =0,
60 TO 69
520 AKHX I ) =GKWX (1)
600 COMTINLE
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SUEROUTINE DAMZ

INTEGEE CDBE.CDG, CDS. CDE CDER,

DOUEBLE FPEECISION GEF,GEEE, BKG, GKS . G GEEX, SFLAT s SFUER
COMMOMN-T7?-FHL s FHZ : PH3: PH4, PO, PO2: PRAVPES . T 0N

COMMON ~ADD-XSCC4) . POGL, COEFF . COTEMP

COMMoN ~“ER1-GKP(4) - GKBE(4) , BGES(4) , GEG (4, GKLC4) . GKLX(4) s SFLAT

SFUVER: THRESH

¥
COMMON ~FRE2/CDEE(C4),CDEC4) , CDS04) , CDLIC4) , CDLX (43 GDBE(4) , G054,

GDEC4Y  GDHC4Y , GDXC4) , FEAL  GDSTE (4)
CGWﬂWﬂIP'ELBE(4) VELS(4), VELG(4) . POF(4) . POEE(4) . FOS(4), POG(4),
FOLC4) KP4 ), AKBE(4) . AKS (4, AKIGC4) . AKLC4) , DBE(4) , Diz(4) .
DSCAY s DHCAY s PO C4) s AKLE (43 VELIMC4 ) . VELLIKC4) , DLEX(4)
s VELSTE(4) s DSTE (4) « STETHE FOWMAX (4 . C04)
|ﬂMHﬂH ADDS-ADAR1
oo Ve 1=-1.4

SET DAMPING PARAMETERS FOE BEARING

IF(POBE(CI ) . GE.@. ) GO TO 120
DEE(I)=0.

=0 TO Zee

JI=CDREC I +1

HEO TO (16@, 1320, 132300, 0.0

COULOME DAME TG

IF (VELBE(I) .GT. ©.) GO TO 140
WELBECT )=—1.

G0 TO 15@

VELBE(I)=1,

GO TO (16@,16Q, 170211

UISCOUS DAMPIMNG + COLLOME DAMPIMG

DRE(I)=GDBEC])
A0 TO 20

MYSTEREIOUS THIERD  TYFE DAMPIMNG

@ DBE( [ )=GDBEC I »¥ABS(REAL)

SETS DAMPING FARAMETERES FOR SFPEIMG GEOUPS - WERTICAL

JI=CDiEC [ +1
G0 TO (26Q,230),.1]

COULOME DAME THG

HTFﬂ-?ﬂPTf“hlﬁflit“Fl SCTIHUELGC T YRUVELGCT ) )

IF (HYFD)Y 290,280, 290

COMT IMHUE

RFFACTG=1.

YF{QES(UHLG(IJ).LT. THEESH) EFACTGE=RBS(VELGCL) ) THEESH
EFACTS

IF'ﬂE’r”FLw'I'l LT. THEESH) EFACTS=ABS(VELSCI ) THEESH
TEMF=GEDEC TV HYFO

DECT ) =GDECT vECABSCVELG T2 Y ~HYPO)

DECT y=TEMFAABRS CVELGC T ) V¥RFACTG

LSOy =GERGECT VECARSOVELSC T 2 HYPOD




246
250

Coz27e
270

inlnly

Inlwly

280

IR grnﬁn

33

340

g

2000

non

430

44@
450
460

(i

DSC1) =TEMFPHABS(VELS( 1) )KRFACTS
IF (VELG(I) .GT. 9.) GO TO 240
UELGC[)=0.0

G0 TO 25@
VELG(I)=1.
EL=ARS{FOS(I1))

TEST=RL-XSCC(1)

IF(TEST.LT.2.) GO TO 300

DECI ) =DECD+COEFFXTESTHSFLAT

DG 1) =DGECI)+(TESTXCOTEMF Y XEFACT(S
GO TO 300

UISCOUS DAMPING

DECI)=GDECT)
IF(CDG(I}.ER.@) CDSC])=0
G0 TO 200
COULOMB DAMFING  HYFO =@
DECI)=0.
DS(1)=0.

SET DAMFPING PARAMETEES FOR SPRING GROWP — LLATERAL

JJ=CD5(1)+1
G0 TO (360,3230).,.0J

COULOMB DAMP IMNG
IF CVELS(I) .GT. 9.) GO TO 349
VEI'SCTY =1,
GO TO 400
VELSCI)=1.
50 TO 409
UTSCOUS DAMP ING
DSCIY=GDSCT)
SET DAMPING PARAMETERS FOR TRACK — VERTICAL
IF (POLXCI).GE.@.) G0 TO 420

DHCT ) =0,
G0 TO S0

d JJICDHCT 2 +1
=0

0 TO (460,430, 430), 1.1
COULOME DAMF ING

IF (VELWCTY (GT. @.) GO TO 440
VELWC(T)Y=-1.

GO TO 45

VELWCT =1,

G0 TO (460, 4660, 470) , JJ
DLCT ) =GDICT )

0 TO 500

MYSTERIOWS THIRD TYFE DAMPING



UISCOUS DAMPING + COULOMB DAMFIMNG
470 DHCT) =AKWXC T KPOMXC I XGEDICT )
SET DAMPING PARAMETERS FOR TRACK — LATERAL
IF (POWCI).GT.@.) GO TO S2@
O DHXCI)=Q.
GO0 TO 6@Q
JI=CDHX(T)+1
50 TO (560.530,530)..JJ
COULOMB DAMPING
522 IF (VELHX(I) .GT. @.) GO TO 540
VELWXC(I)=-1.
G0 TO S50
540 VELWX(I)=1.
55 G0 TO (560.56@,570)..JJ
VISCOUS DAMPING + COULOMB DAMPING

560 DHX(I)=GDIWXC(I)
G0 TO 60@

MYSTERIOUS THIRD FORM DAMPING
DUXCT ) =ARKKH (T YXPOWC I ) XGDHXCT)

noo 0Oonn
$ 3
My
>

winlyl

G116

o000
i
3

SET DAMFPING PARAMETERS FOR STUCKI DAMPING — SFRING GROUPS

VERTICAL AND ROLL

IF(VELSTK(I1).GT.Q.) G0 TO &2@

DSTK(1)=0.

G0 TO 7o@

DSTK(I)=GDSTK(I)

ADAR=POGC-ADARL

IFC(POGCI) .LT.ADAR) DSTK(I)=0.

IFCDSTECTRVELSTECD)Y LLT.STKTHRY GO TO 70@

DSTEC ) =STETHE-UVELSTE( I )

TOO  CONTIMUE

EETHEN

§Uﬂl’l(‘l

R
®

SV REULH
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SUBROUT INE ACCEL
caLL AcCCst
caLlL aCcs2
CaLL ACCS3
ALl ACCS4
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SUBEOUT IME ACCS1

DOUBLE FEECISION A

DOUELE PEEEISIDH ALXLAIXS,ALZ1, AL ZZ2 ALY L AIYZ. ALY ALY4 ALYS, T12,
C AIYe,.B122,B12%, T12¥, T122

COMMONA/TZ fPP(4) EDDC 1), APOP (4 ) s AFDIGC4 ) APDLIC 4 ) s APDLES (4 ) APDS (4)

¥ DUELBE(4),DUELG(4) s DUELLIC4) s DUELIW=C4) s DUELS(4 ), DD'“ﬂ)sEE(EGJ,

b 4 AAC113), AFPOBEC 4) , DUVELSTE (42

COMMOMN-TZ-E(4) ., ED(4),ACS. 51, ¥ (< . CCIO29)

FDHHDH ZAACDISI22) s VEL (22 ACC(Z22)Y ALK L AIMZ s ATVLAIYZ 13121, A1 2 s
AIYZ.AIY4, AIYS, AIYE. AML, AMZ, AMS, A4, AMS . AMG .
Fl1.F&.F3.F4,EBE1l: BEZ, BEZ: BE4, 751, 252 253, 254,
G1:62:63, G4, 1 L2 W3, 14, B1L. B2, D1, D2, T12, B12X. B122
12,6, T12%, T122.C1,C2,C3,C4,. FF FBEN: HRP

EDMMHN’QH1/D1PI DZPI1. FUERL . FUEREZ, FUERE3, FUERE4, FUERS, FUEREG. FLAT1 .

¥ FLATZ2, FLAT3, FLAT4, FLATS. FLATS

COMMOMN-AAZ-FS(4)2 . 35(4)
COMMOMN-M-VELBEC4)  VELS(4) WELG(4) . POP(H) s PORE(4) , POS( 41, FOG(4)

46*-’6

¥ POLIC4)Y, AKP(4) ,AKEE(4) , AKS(4) s AKGC( 41, AEM(4) , DBEC4), Di5(4),
¥ DSC4Y s DHC4) s POXC4) » QKL (4) , VELLIC4)  VELIE (4 ) s DHX (40
X +VELSTE(4) . DSTK(4) , STKTHR, POMMAX(4) . C(4)

S DATE 11.5.26
FBEN=B12Z¥(DIS(2)-DIS(?)-DIPIXDIS(4)-D2PIXDIS(31)
DO 1@ I=1,4

DUELBEC(I)=DBEC I )¥VELBECI )
AFPOBECI »=AKBECI )¥POEBECI )
APOPCI)=AKFC I )¥POPCI)
DUELGCT)=DGECIIRVELGCT)
APDGCT ) =AKGC I Y¥POGCT )
DUELSCI)=DSCIXKVELSCI )
APOSC1)Y=AKSCIY¥POSCT )
APOLEXCT ) =AKXC T VKPOLKCT )
DUELREACT Y =DIX CT YHVELXCT )
APDWCT ) =AKHC T 2XPOLICT )
DUELWCT Y =DIICT VEVELICT)
DUVELSTKC I »=DSTKC( I XUELSTECT)

1@ CONT INUE
ACCC2)=(—-AML¥5+DUVELBE(2)+DUVELBE (1 )+AFOBE(2)
¥ +AFOBE(C 1 Y+AFPOP(2)+APOP( 1 Y-FEEMN) .~AM1
CACCC7) = —-AMZ¥G+DVELBE(4) +DVEL BE(3) +AFOBE (4) +

AFDEE(3)+APOF (4 )+APOF (3)+FEBEM) ~AM2

i PARTIAL COMPUTATION OF ACC(12),0(13). (15), (16)

ACC(12) =—AM33G-DVELBE (2)-DVELBE( 1 ) +APDG( 2)+AP0G( 1)
—APOBE(Z2)— APOBE(1)- APOP(2)- APOP(1)
+DUVELSTE (1 )+DUVELSTE (2)

RFC(lB' BEZ¥DUELEBE(2)—-BE1XDUVELBE (1) —-G2¥AFDG (2 +G14APOG (1)
+BEZ¥APORE(Z2) —BE1X¥AFOBEC 1)+FP24AFOF(2)-P1XAPOP(1 )
—G2XDVELSTK (2)+G1XDUELSTK (1)

QFFllS'=~HN4*E~D“ELBEf4J —~DUELEBE (2)+APDGC4)+AP0G(3)

—APOEBE (4 —-APOBE( 3)—-AFOF (4)—-APOF(2)
+DVELSTEK (3)+DUVELSTK(4)

HCE(ib' BE4¥DUELBE( 4 ) ~EBES¥DUELBE ( 2) ~G4¥AP0OG (4) +G3XKAPOG(2)

+BE4XAFOEE( 4) ~BEZ¥AFDEE (3 ) +FP4XAFOF (4 ) —F2XAFOP (2
~G4XDVELSTE (4 +G34DUVELSTK (3D
SC1)=DUELGC2)+DUVELGT 1 )

GS(E)=—GEXDUELB(E)+61XDUELG(1)

GS(2)=DVELGC42+DVELG(3)

G54 =—G4XDVELGC4)+E3XDUVELG(3)

39 AEEL1P) = +ACC(121+6S(1) ) AM3

40 ACC(13)=(ACC13)+ES(2) ) /AIY3

»

e

R B L L



ACCU15) =1 HACC 1S HES (3 ) .-AM4
ACCCLIEY=CACC IR I4+E5042 ) /AlY4
EETURM

EMD

MO ERRORES

—
2

SYM3 EEU.G
:F



RD3-500 FORTRAN4 REV. F 04..29/79
SUBRCUT INE ACCS2
DOUBLE PRECISION A
DOUBLE PRECISION AIXi,AIX2,A1Z1.A1Z2:AIY1:AIY2AIYIAIY4:ALIYS; T1E,
C AIY6.B12Z,B12X: T12X: T12Z
COMHON-TZ2-RR(4): RDD(4) : AFOF(4) . AFDGE(4) s APCI(4) » APOWNX (4) , APIS(4)
* DVELBE(4), DUELG(4Y s DVUELIC4) , DUELWX(4) : DUELS(4) . DD(20) . EE(29) »
pPAC113), APOBE(4) ,, DUELSTEK(4)
CDMHDN/TS/P(4);ED(4) R(5,5),X(4),CC(20)
COMMON-T2-TEMP1 (10}, TEMF2(1@), IFLAR
corMMoN /AA-DIS(22) s VEL(22), ACC(22) AT X1, HIYEsHIYisﬂlYEsRlZlyﬂIéEs
AIY3:ARIY4, AIYS, AIY6E, AML . AM2, AM3, A4 AMS . AMG,
P1,P2,FP3:P4:BE1, BE2, BE2: BE4, 251, 252, 253, 254,
G1,62:63, 64, 1,12, 13,W4, B1, B2, 01, D2, T12, B12X, B12Z,
D12,6G:T18X,T12Z,C1,C2,C3: T4 PP, FBEN: NRP
" COMMON-AAL/DIFI » D2P1.FUER] : FUERZ, FUER3: FUER4, FUERS, FUERG: FLATY,
X FLAT2.FLAT3, FLAT4,: FLATS: FLATG
COMMON/M-UELBE(4) , VELS(4), VELG(4), POP(4) , POBE(4) s PUS(4) , POG(4) »
X POWC4) s AKP(4) ; AKBE(4) s AKS(4) s AKG(4) » AKH(4)  DBE(4) : DI5( 42,
X DS(4) s DH(4) s POLX(4) s AKX (4) s VELW(4) , VELIIX(4) » DX (4)
X s UELSTK(4),DSTK(4) , STKTHR: POWUMAX (4}, C(4)
S DATE 11.5,26
ﬁCC(l?) L (DVELS(2)+DUVELS(1)+APDS(2)Y+AFDS(1) +
APOLIX (1) —APOWX (2)+DVELIWK (1)~
DUELIHX(2))-AMS
ACC(20) =(DVELS(4)+DUELS(3)+AP0OS(4)Y+AFDS(3)+
APOIIX (3 —APOLX (4 +DUELIIK (3)—
DUELWX(4) ) AMG
ACC(18) = (AFON(2) HAPOW( 1 ) ~-DVELG(2)-DUELG(1)—
DUELSTK(2)-DUELSTK(1)—
APOG(2)-APDG( 1 Y-AMSXG+DUELM(1 ) +
DVELW(2) ) -AMS
ACC(21) =(APOW(4) +APDOW(3) —DVEL 5(4)-DUVELIS(3)~-
DUVELSTK4)-DUELSTK(3)—
AFOG(4~-APOG( 3)—AMEXG+DUEL (3 +
DUELITL4) ) 7AME
ACC(19) = (G2XDVELG(2)~-GLXDUVELG (1) +524AP0G(2) =
GL¥APOG 1 ) +Z252%AFP0S (2)+251 XAPOS (1)
+E2KDVELSTK (2)-G1XDVEL STK(1)
+ZS1¥DUVELS (1 1+Z252XDVELS (2 ) HALXAFOW (1) -
WXAPOW 2 ) HALEDVELWC 1) —LIZKDVELW(2)
—CLEAPOWR (1 ) HCZH¥APOWX (2) —CLADVELMX (1) +
C2XDVELWX(2) Y -AIYS
QCP(Eai'(G4*DUELP(4)—C KDUELG(3) +54¥AP0G(4) —
GBI¥APDG (31 +ZS4HAPIS (4 +ZS3¥AP0S(2)
H34¥DVEL STK (4) —G3¥DVELSTK (3)
+ZSIHDVEL S (I +Z54XDUVELS (4) HAFTKAPOW(3) —
HAXAFPOC4) HAZEDVELH C3) —LI4XDVEL LI 4)
—CIXAPOLK (3 ) +C4XAPTK (4) -C3IKDUELLIX (2) +
F4YDUELNV(4)W/QIY6
Do 100 1=1,10
TEMPL(])=DISC(I?
TEMFZ2CI)=VEL (1)
»
1]

€ 36 ¥ K

¥ M

5% 3

MHI B M I MMM MM

IF (ABS(DIS(I
IF (ABS(UEL (1
100 CONTINUE
DO 105 I 1.5
DO 105 J=1,5
ACd, I)= 0 Da
195 CONMTIMUE

.LT. 1.Q0E-05) DIS{I)=0,
.LT. 1.0E-05) UEL(1)=0



11e ACLs 1y =Ar1+AM3
ACL, 2y=~AMN3¥R1
ACl:3)=0.
ALy 43 =—FAM3HD1
[C1.52=—DVELS(Z)~DUVELSC1)-APOS(21—AFDS(1)
~BIZHA DTS (L -DISOE) 3 -AMSECDIAD I SCE Y AUVEL (5 R UJEL (S

4 FRLAD ISR YAVEL (203LEL (3023
ACZ,10=AC1.20

A2, 2y=ATY1-ACL, 21¥B1.

A2, 31 =(AIX1-AIYLIEDIS(S)

ALy 4 =AM34D14R1 :

EETURM

END
MO EREOERS
SvHE BEUL I8

:F

b
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XDIS(SYADIS(5))

—“AIZLK(2. KVEL (A ADIS(FVEL (3 +VEL(SIKVEL (3))
Al4,1)=A(1,4)
A(4,2)=—-B1XA(1,4)
AC4,3)=AIZ1*¥DIS(3)
A4, 4)=A1Z1-AC4, 1)%D1
A(4,5)=D1X(DUELS(2)+DUVELS(1 )+AFPOS(2)+

APOSC1) ) -ATZ1IXVEL (4 HVEL (32D

¥

DIS(SY+VEL (4)HVEL () XDIS(SYXDIS(S) )

CALL GALSS (AsX,4)
ACC(1)=X(1)

+ DI1PIXFBEN

—T12Z2X(DIS(S)-DIS(10))+AIX1X(—~VEL (4)XUEL (4)XDIS(S)-VEL (4)
XVEL (23 DIS(S2XDIS(S)+VEL C3IXVEL (4)+UVEL (3)XVEL (23XDIS(5) )
HAIY1IX(-VEL (3 KVEL (2)¥DIS(5)-VEL (3)KVEL{4)+VEL (4)KVEL (4) %

+AMIKDLK (DLXDIS(SYRVEL (S2HVEL (S)+B1ADIS (2 KVEL (3)KVEL(3))



'
EETLIEN
END
NQ ERFRORS
SYM3 REV.G
F



RDS-5

105

MO ERROF

G2 FORTEAM4 REU. ¥ 042979
SUBROUT INE ACCS4
DOUEBLE FPRECISION A
DOUBLE PEECISION ATXKL,ALXKZ,AIZ1,.AIZ2,ALYL.AIV2. ATV Alv4,.AIYS, T12,
C AIVE,B12Z,B12x,T12x, T12Z
COrMMoOM-T2-RE(4)  EDD( 4, APOFP L4 , APOGC4) , APOLC4) , APDLE(4) . APOS04 ),
¥ DUELBEC4), DUELIGC4) s DUELLIC4 Y, DUELLEC4 ), DUEL S (40, DDC29) , EEC20) ,
¥ ARC113), APOBE (43, DUELSTE(4)
COMMOM-TZ B4 ED(43, A(5. 50, 1, CC(20)
fUHHUH fHHfDIS’:E L ACCI22),AIXL, ALM2.AIYL,AIY2,A1Z1,ATZ2
HI - "Ugl Y4,Al I_I'HI I"bsH”lsHllE!HM 1;9”4 R“ -Hf’lt:n
Fi1.Fz,P3,P4,EE1,BEZ,BE3, BE4, 751, 252, 253, 254,
61,62y 63: 64, 11, W2 13, W4, BL, B2, D1, D2, T12: BE12%, B122,
D12,6,T12%,T122,C1,C2,C3,C4, PP, FEEN, NEP
CDNNﬂH ‘ARL-D1PI, D2FI, FUEEL, FUEEZ, FUERS, FUER4, FUERS, FUERES, FLAT1 »
¥ FLATZ,FLAT3, FLAT4, FLATS FLATE
LU”NUN M UELBhL4):UELCf4) VELGC4) . POPC42, POBEC4), FOS(4), POG(4),
POLIC4) , AEP (4, AEBEC4 ) AES 4 . AKG 4, AEW (41, DBE(4) , D547,
DSC42, D4 s POME A s AELESCA D, DELLIC4 ) UELLR T4 ) DEESC4 )
sUELSTE (41, DSTEC 41, STKTHR . POLMAR (4, T4
DATE 11.5.26
DO 105 1=1,5
Do 165 J=1,5
ACT, [)=0.D®
COMT IMUE
ACL, 13=Ar2+ArM4
ACl,2)=—AM4¥B2
A(1,3)=0.
ACL 40 =[AM4ED
AC1,5)=—DUELS(4)-DUELS(3)—-APOS(4)-APOS(3)+
X B12x4(DISC1)-DIS(E) 3+AMK (DD ISC1IO I KVEL (10 KVEL (193
X —B2¥DIS (S RVEL (2)FVEL (87 )
Ales1)= Hfis;l
A(2; 2) =AlY2tAl4XxB2XB2
Q(E,3J=(QIXE—QIYE)XDISE1@)
A2, 41=A01,21%D2
A2, S)=—BE44DUELEBE(4)+BEZ¥DUELBE (23 +D12K(VEL {3)-UEL (2))

¥***

--)v?‘

* —BEE4+AFOEE () +BEZ¥AFOBE( 3 -

3 P44APOFP (40 +P3XAPOFP (30 +T124(DIS(3)-DIS(8) ) —

* AIXZ4CVUEL{QIFUEL (10D “EL\QW*UELtBJYDI (1O ADIS(8)-VEL{9)

X ¥DISC107

X FUEL (103 ¥DISC1@) +2. . ¥DISC1 2 XVEL (BIXVEL(12) ) -AIY2X (2. %

X DISCI@)FUVEL (10 FUEL (S)+UEL (1) KVEL (I ¥DIS(1@)4DIS(10)

* -UEL (9)%

p & “ELf1@:+le(l@)&DIb(B)*“ELk%)AUELluJ)+B°2kDUEL (40 +

% DUVELS (2 AP0S4 1 AP0S 020 0 -A LA CUEL (20

p < FUEL(3) ADIS(E)HIEL (9 FEL (S2¥DIS(EYADIS(19) )
A(2:5)=A(2,S)-AIYSK(—VEL(SYKVEL (NFDIS(S»¥DIS (1) +VEL () KXUEL (39)

¥ ADISCCHRDISC1O0E

¥ DI 1¢ I+HIZ¢*L“EL-Hlfi“ELl%l¢Ul +JEL (1)) )+

¥ AL, 2140 D2EDISO 1@ FVEL (1O FVEL C10) -BE4DISC8 I AVEL (S 4VEL(E) )

RETUEN

EMND




RI5-50@ FORTRAM4 EEU. F 04-23.73

190

0

SUBEDUTIME ACCS
DOUBLE PRECIS IﬂN A
DUUELE FEECISION AIXL.AIXZ AIZ1.AIZZ2.AIVL.AIVZ.AIVE ALV RIYVS. T12,
C AIY6,B127,B12X.T12X: T1272
CCOMMON-T2 /PP‘4) EDDC43 . APOF (4) s APDGC4) s APOLIC4) s APDLEK (4) , APOS(4)
¥ DUELEE(4), DVELGC4), DUELLC4 Y, DUELIWXC(4) s DUELS(4) . DD{2O) , EE(2) .
X AARC113),AFOBE(4), DUEL STK 4)
COMMONAT3-R(4) s FD(4), A5, 51, XK (4), CCZQ)
COMMOM-TS-TEMP1(160) « TEMF2( 1), IFLAG
COMMON ~AR-DISIZ22) . VEL(22)Y,ACC(Z2) sRIX1 . AIRZ AIYL,AIT2.AIZ1.AIZE,
QIYB:QIY4;QIY: RIYHsﬂﬂl AMZ - AMZ. A4 AMS . AMG
pl!PE!PB!F4!BE1!BE2!BEB!BE4!ZSI!ZC?‘LDQ'QD4S
51,62, GB-G4;H1 L2 3, 4, B1,B2:D1,D2, T12:. B12¥, B127.
D12,6G.,T12X,T122,C1,C2,C3,C4, FF, FEEM, MEP
FDHMF'N “AR1-D1PI.DEFI FUEPI FUEERZ2, FUEP3 FUER4, FUERS, FUERG. FLATL .
¥ FLATZ:FLAT2, FLAT4, FLATS. FLATG
LﬂHMDH MAAVELBE(4) . VELS(4) . VELG(4), FOF(4),POBE( 43, POS(4),FOFE ),
FOWC4) , AEP(4) sAKEE(4) , AES(4) . AKG(4) . AKLIC4) s DBE(4) . DIE7 4)
DSC4) , DAY s PO C4 ) AKWC4) , UELICA Y, UELLE (4 o DI (4 )
+VELSTEC4) . DSTK(4) , STKTHE s FOLIMAX(4) , C(<4)
DATE 11.5.26
AC3,1)=0,
A3, 2)=(AIX2-AIY2)4¥DIS(10)
AC3, 2)=AIX2+AIZZADIS(EDIS(8IHAIV2ZEDIS (1 XDIS10)
A2 4 =A1ZZ¥DIS(E)
R(Bs51——Dcf(DUFLBE(41+D”ELBE(?I+QFHRE(4‘+QPDBE(?‘+HPDPY4)+QPﬂPf3))
~T124%(DIS(9)-DIS(4))
—AlXKEK (-2, FVEL (XVEL(2)4DIS(8)-2. *UFL(Q)*UELf1@7*DIo(1@)+
VEL(E)XVELC1O)-VEL(EYFVEL (10)4DIS(1¥DIS(101-DIS(10) %
DIS(EYHVEL (SXXVEL (2))
FAIVEX(VEL (BXYFVEL (1@ —-UVEL (2D FUVEL (10 ADISC 1 FDIS(1@)
—DIS(l@)*DIS(B)*UEL(B)
FUEL (82 —Z2.FVELCVKVEL (1@ ¥DIS1@)+2, FVEL (D)%
VEL(8)¥DIS(B8)XDIS(10)XDIS(10))
—AIZEX (2. XVEL (DFVEL () ¥DIS(8)+VEL (10 XVEL (R)) + D2PI4FBEN
A(451)=A(1,4)
ACE 21=A(Z,4)
A(4,3)=A1Z2¥DI5(8)
Al 4)=A1Z2+AC4, 1 )2XD2
A4, 5)=—DZ¥(DVELS(4)+DUEL SC3)+AFDS(4) +
AFOS (3 ) -AIZ2FVEL (D FVEL(S3)
—T&EZ*(DIS(19)~DIS(S))+QIXE*(—UEL(?)*UEL(?)*DIS(l@J—UEL(B)*
VEL (2%
DISC1IXDISC1@) FUEL (22FVEL (20 +VEL (S)FUEL (S2¥DISC1@) ) +AINYE
¥(-VEL(28)XUEL (8) ¥DISC1@)-VEL(S8)YXVEL (3Y+VEL (I HVEL (D)2 ¥
DISC1@)
+UEL (9 FVEL () XDIS(1014DISC1@) )
—“ANDEH (-DEXDISCIOFVEL (1@ XUEL (12)+B2¥DIS(2)YKUVEL ()Y FUVEL(21)
CALL GAUSS (A.X,4)
ACC(RY=X(1)
ACC(8)=X(2)
ACC(9)=X(3)
ACCC1@)=xX(4)
D0 2o I1=1.1e
DISCIY=TEMFP1( I}
VELCTY=TEMF2(1)
COMT INUE
RETLIEM
EMD

v‘***

*ééé\-
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EDS-506 FOETRAM4 REVU. K @S-032/79
SUBEOUT IMNE MEBS4
POUBLE PRECISION A
COMMOM-T2-FR(4) . RDD (4, FOEP (4) . FORG(4) » FOR(4) , FORWX(4) s FORS(4)
* DAMBE (43, DAME(4) , DAMWC 43 . DAMUE(4) . DAMS(4) . DD(20) . EE(20) ,
¥ AAC112) ., FORBE(4) , DAMSTK(4)
COMMOM/T37R(42, EDC4) , A(5:5) 5, X (41, CO(2Q)
C OLD COMMON-T?~FHL, FH2. FH2, FH4, FQ1. FE2. PR3, PR4, T, &, OM
COMMON-T?.~FPH1 » FHE, FH2, FH4, FQ1 . FOS . FR3. F&4, T, OM
COMMOMMAVELBE(4) . JELS(4) UELEf4l-PﬂFl4)sFﬂBEf4),Pﬂ“(4JsPDC(4),
POLC4),AKPL 41, AKBE(4), AKS (41, AKG(4) s AEH(4) s DBE(4) s DG(4) 5
DS(4), D4, POHX(4 ) AKX (47 s UELC4) s UELIRC4Y s DRX(4)
sVELSTK(4)  DSTE(4) . STKTHR POLMAX(4) , C(4)
S DATE 11.5,26
DO 40@ I=1,4
RR(D)=R(I)X12.
RDD({1)=ED(I1)X12.
FORBE( [ 3=FOFBE(I 3-+DAMBE(I)
FORWC T =FORWC T 2 +DAMCT Y
FORLACT Y =FORHRC I ) +DAMEXCT)
FORSC D) =FORS( 1 3 +DAMS{ I )
POGCI)=POGCIIXKIZ2.
4900 CONTIMUE
" RETURH
EMD
N3 ERECORS
SYM3 EEUV.H.
:F

¥ 3¢ 3¢



RDS-50© FORTEAM4 REU. K @5/@5/7q
- SUBROUT INE MEBSS - ~
DOUBLE PRECISIONM A
COMMOM-TL-Y (403, F(40), SAVEY (40) , DTHALF
COMHor-T2-RE(4), EDD(4): FORP (43, FORG (43 » FORW(4) , FORWX (4}, FORS(4)
X DAMBE (4, DAMG (43, BAMWC4 ), DAMWK(4) , DAMS (43, DD(203, EE(28) ,
X ER(113), FORBE(4 ), DAMSTK4)
COMOM-T3/R(43, ED(43, A(5,5) , X{4),CC{(20)
COMHMOM-TS/Js AL S» Ds B SHALF » SGIUART s P1s PIHALF, PIX2, SLOPE, YNTRCP, BL.2
C OLD COrMMON-T?-FHL,PHZs PH3, PH4, PQ1, PLI2, PR3, PR4, T, 2, OM
COrtMoN-T7?-PH1 s PH2, PH3, PH4, PQ1, PO2, PA3, P4, T, OM
COrMMOr-TM-VELBE(4) s VELS(4), VELG(4) s POP(4) , POBE(4) s POS(4), POG{4)
X POMC(4) 5 AKF(4) ,AKBE (4}, AKS5(4) ; AKG(4) » AKIH{4), DBE(4) , Di5(4),
X DS{4), DI(4) s POWX(4) s AKX 4) s VELIN(4) , UELIIX(4) s DWX(4)
X »VELSTK(4) s DSTK(4) , STKTHR s POWMRK (4) s C{4)
, DATA DEG~ 57.29578~
CC(1)=Y(1)X%12.
CCi2)=Yv(2)x12.
CC(3)=v(3)XDEG
CC(4)=v(4)XDEG
CC(S)=Y{(5)XDEG
CC(B6)=Y(6)X12.
CC{?)=Y(?)Xx12.
CC(8) =Y (8)XDEG
CC(9)=Y(3)XDEB
CC(10)=Y{10)*DEG
CC(113=Y{11)Xx12.
CC(12)=Y(12)XDEG
CC(13)=Y(13)%12.
CC(14)=Y(14)*%DEG
CC{1S)=Y(15)x12.
CC{16)=Y(16)X12.
CC(172=Y(17)4XDEG
CC(18)=Y(18)X12.
CC(19)=Y(193X12.
CC(20)=Y(20)¥DEG
DD{1)=Y(21)%12.
Db(2)=Y(22)%12.
DD(3)=Y{(23)X¥DEG
DD(4)=Y{(24)%DEG
DD(5)=Y{25)%DEG
DD(E)=Y(26)kK12.
DD =Y (27112,
DD(8) = (23)XDEG
DD(9)=Y{(29)%DEb
DD(10)=Y(30)XDEG
DDC11)=Y(31)%12.
DD(12)=Y(32)*DEG
DD(13)=Y(33)K12.
DD(14)=Y{34)¥DEG
DD(1S)=Y(35)X12.
DD{163=Y(36k12.
DDi{17)=Y(37?)XDEG
DD(18) =¥ (38)X12.
DD{19)=Y(393X12.
DD(20) =Y (42)¥DEG
EE(1)=F(21)-32.175
EE(2)=F(22)-32.175
EE(3)=F(23)
EE(4)=F(24)
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RD5-500 FUORTREAN4 REV. F 042979
SUBRDUTINE MEMND
COMMOM.T6.-DT s DTMA s MT s kDDE;!D(4@J;IDFT .
COMMON/M-UELBE(4), VELS(4) ,UELG(4), POP(4),POBE(4),POS(4) ., POG(4),

* POLC4Y  AKFP (42 s AKBE(4), AKS(4) , AKG (43 . AKH(4), DBE(4) , D543},
;4 DS(4) . DH(4) , POWK(4), AKX (43, UELIN(4 T, UELWX(4) . DX(4)
*D ° s UELSTK (4, DSTK(4) s STETHRs FOWMAX(4), C(4) -

0 50 I=1.4

FPOHMAX (1 )=ABS(FOIMAX (T 2 X12.
50 CONT INUE
WRITE(Z, 1603 FPOLMAX : : : :
100 FORMATC® 1MAX LWHEELE 1FT L. FROMT *,F4.1.*, R. FRONT *,F4.1,’, L.
¥ REAR *,F4.1.*', R. REAR ’,F4.1) ’
202 ENDFILE 9
EMDFILE 10
IFCIOPT.EQ.2) 5O TO 210
CALL MRBL4
IFCIOPT.EQ. 1) GO TO 220@
210 caLl. MRBLZ2
CALL MRBL3
e STOF
RETUERN
END
NO ERRORS
SYM3 REV.f5
:F :



"RDS-509 FORTRAM4 REU. K 05-@3-79
SUBROUT INE . MEBL 4
COMON-T2-RE(4), RDD(4 3 FORP(4) s FORG(4 ) : FORI(4) » FTE%FV47 FORS(412,
¥ DAMBEC4) . DAMG(4) , DAMWC4) s DAMX(4) , DAMS(4) , DD(2@) s EE(2@),
* PFAC113), FORBE(4) s DAMSTK(4)

REWIMD 9 e
HRITE(3, 10Q)
ioQ FORMAT( 1H1 + 8%, > ——————~—— FRONT CAR BODY-———~—— ——5FRING DEFLECTIONS
¥ LOAD WHEEL LIFT——
YEX;’TIME’:BY * FELATIVE DISPL. ' s @3 "[LEFT’ , 2X»
;DPIbHT’sEXéXLEFT’sixy RIGHT’ s 3¥s * ————— LEFT FRONT-—- ———RIBHT FRONT-————
MT————— ’

*TLEFT? 2%y "RIGHT” , 1% "LEFT’ s 2% "RIGHT' , /,
¥9%, "ROLL"» 3%, ’ BODY~BOLSTER’ , 2%, "LATERAL’ » 2%» *FRONT® 4 1%, * FRONT’ ,
2%, ' REAR" » 2%, ' REAR’ , 10X, *SIDE’ , 2%, * CENTER' , 2%, ' CENTER’
*2% ' SIDE’ , 1@, " FRONT? 4 1, > FRONT® » 1%, 'LEFT’ , 2%, *LEFT’,
*/.8%, *DISPL. * » 3X, *LEFT” , 2%, * RIGHT » 3%, *ACCEL.. * , 28X, * TRACK® ; 1%,
%* BEARING® » 1%, *FLATE’ » 3%, * PLATE’ 5 1%, *BEARING’ 5 1%, * TRACK’ s /»
¥4, ? (SECS)” 5 1%, 7 (DEG. 37 2 2(2%, " (IN. 17 ), 3Ks $(B°S) $5 155 4(1X, * (IN. )7
X3, 201X 304X, P CKIPS) T 1) 5 13, 401X, * CIN. 17 ), )
10  READ(9,5.END=-1000) AR
8 FORMAT(SE1S. 8)
DO 20 [=1,2
AR I+68) =AA( 1+68)./1000.
AACI+72)=AAC 1+72) /1000,
. AACI+TE) =AAC[+76) /1000,
20 - CONTIMUE -
DO 3¢ [=101,104
AACT ) =—1.¥ARCI)
30  COWTINUE
" WRITE(2,101) AA(113),AA(3),AA(103),AAC110),AAC41): (AACL), 1=93,96),
¥AAEP?) ,AACTIY, AALED)AACTO)s BALT?4)ARCTR) . (AALT ), 1=101, 104)
101 FORMAT(F6.2,F8.2,F7.2,F7.2,F8.3,F7.2,F6.2,F7.2,F6.2,F8. 1, 2F7.1,
XFS.1,2F7. 1, 1%, 4F6.2)
“30 T0 1@
1000 RETURN N
. END _
NO ERRORS -~ ' : o "
SYM3 REU.H
:F



RD5-500 FORTRAM4 REV. K 05/703/79
SUBROUTIME MRBLZ2
COMMor-T2-RR(41, RDD(4), FORP(4) ; FORG(4) , FORK(4) , FORWX(4), FORS(4) s
* DAMBE(4) , DAMG(4) » DAMN(4) , DAMX(4) . DAMS(4) , DD(20) , EE(20) s
X AR(113), FORBE(4) s DAMSTK(4)
PO 111 LI=1+46
REWIND 3
G0 TO (112,1132,114,115,116,117), 11
112 WRITE (3,119)
=0 TO 118
113 WRITE (3,122}
0 TO 118
114 WRITE (3,121)
GO TO 118
115 WRITE (3,122)
G0 TO 118
116 WRITE (3,123)
0 TO 118
117 WRITE (3,124)
G0 TD 118
118 CONTINUE
8 FORMAT(8E15.8)
125 FEAD( 9.8,ENMD=111) AA
G0 TO (126,127, 128,129,130,131), 11
126 WRITE (3,2001)AAC113), (AARCI),1=1,10), (AA(I),1=109,112)
G0 TO 125
127 WRITE (3,2002)ARC113), (AACI), 1=11,20)
60 TO 125
123 WRITE (3,20032)ARC113), (AARCI), 1=21,30)
G0 TO 125
129 HRITE (3 20041ARC113) 5 (ARCT) » I=31,40)
G0 TO 12
130 WRITE (? 2005)AARC113), (AACT Y 1=41,58)
GO TO 125
131 WRITE (3,2006)AAR(113)s (AACI), 1=51,6@)
G0 TO 125
111 CONTINUE
FETUEN
119 FORMAT (1H1,SX,*DISPLACEMENTS OF CAEBODY-IN INCH OR DEGREE’,. /,
¥24X, *CARBODY 17+ 37X, 'CARBODY 27 ,24X. ’CRPBDDY/BDLSTEP’s/s11Xs —————

I
’

X 'y 5X,?
e ’ ,1><, ’
* 73 3K 'TIHE',4V,’LQT * 34X, *UERT. ’;3%; ROLL®, 4%, P

*ITEH’:4M,’YRN’98Y, LQT P 4Xs PVERT. * s 3% "ROLL » 4, *PITCH® » 4, * YAW® »
KEXs *L.F.” 4%, "R.F.* 4%, "L.R.* 4%, *R.R.*»/, 1%, * (IN SEC.)’)

12¢ FORMAT (1H1.5¥,’DISPLACEMENTS OF BOLSTERS AMD WHEELSETS-IN IN. OR
¥DEGREE” » 7, 19X, *FRONMT BOLSTER’ , &X, 'REAR BOLSTER® , 17X, * FRONT WHEELS

*ET’-19<s’PEHP WHEELSET” » 5 14X, ° R R
T TadRs? Py g,

¥ P57 THs P TIME? s 6%, P VERT. ’:b” ROLL’ s6X, *VERET.’ 56X, *RO
*LL’-?X,’LQT.’,SX,’UEFT.’,?V, ROLL? 77X, LAT. *, 7%, "UERT. * , ?X, "ROLL* )

121 FORMAT(1H1,€%, ' UELOCITIES OF CARBODY-IN_ INCH/SEC DR DEG..SEC. ",/
40X, * CARBODY 17, 40X, "CARBODY 27,75 17X, *
¥ 18X, *
* 'y /3 TRy P TIME? 6%, "LAT. * s 6Xs " UERT. * 6, "ROLL” 6%
FPITCH? » 7, * YA 9%, *LAT. *» 8, *UERT. 756X, *ROLL® s 6K, *PITCH® , 7%, * YA’

¥, /3 4%, * (1N SEC.)")
122 FORMAT (1H1,5X, *UELOCITIES OF BOLSTERS AND WHEELSETS-IN IN-SEC OR
¥DE5-SEC® 5 25 19%, ' FRONT BOLSTER’,6X, *REAR BOLSTER’ , 17X, * FRONT WHEEL
¥SET’ » 13%, * FEAR WHEELSET , /, 14X, ° 5 AR




K= 5 4, A%,
X ',/ 7%y "TIME’ +6Xs "UERT. ", 6X, "ROLL’ 16X "UERT. * 6%, "R
¥OLL’ s 7X, *LAT. * s 5%, "VERT. *, 7%, *ROLL’ » 7Xs *LAT. * ; 7%, "WERT. ’ , 7%, * ROLL’
*)
123 FORMAT (1H1,SX, SACCELERATIONS OF CARBODY IN G'S OR RAD/SEC/SECS
#7440, "CARBODY 1° 40X, * CARBODY 27 /s 17X, ’

* Tao 10X,
X /77X "TIME? , 8, LAT. * 6X: "UERT. ’ , 6X, *ROL
XL ,6X, "FITCH® . 8X, " YA’ » 9“,’LQT *48%, "VERT. "’ ,6X,"ROLL’ s 6X, "PITCH’ s 7
XX PYAWT 57 4%, T (IN SEC.)’) :

124 FORMAT (1H1.5X, *ACCELEEATIONS OF BOLSTERS AMD WHEELSETS—-IM IN-SEC/
¥SEC OR DEG-SEC-SEC’ s~ 19%, * FROMT BDLSTEP’,GH,’HEQR BOLSTER’ » 17X, °’

¥FRONT NHEELSET’;lSXs’REjR WHEELSET® + 75 14X, 7 i *3:3%
*’ * ’ . X, ’ t] . . DR s siiients
* ’,//,TX,’TIHE’sGXy’UERT.’:SX,’RGLL sSXs’U

XERT. ’,6X, "ROLL"»7X, "LAT. "+ 5Xy "UERT. *» 7X, "ROLL" » 7X: "LAT. * » 7%, "VERT.
X* 57 TROLL D

2001 FOEMAT (6F8.3, 4X:5F3.3: 1X.4F8.3)
2002 FOEMATC(11F11.5)

2003 FOEMAT (6F11.5,4X,5F11.5)

204 FOEMAT(11F11. 5‘

2005 FORMAT (F11.5.,20(2F11.4.3F11.
2006 FORMAT (F11.5.10F11.2)

NO

EMD
ERRORS

SYM3 FEU.H

:F



RDS—QBQ FORTRAM4 REU. K 05-03-79
SUBROUT INE MEEL3
COMMONTZ2-RR(4) , EDD(4) , FORP(4) , FORG(4) , FORW(4) , FORWX(4) , FORS(4) ,
X DAMBE (43, DAMGC4) , DAMW 43, DAMWX(4) , DAMS (4, DD 701, EE(20)
* ARC113), FORBE(4), DAMSTK(4)
DB 211 [1=1:6
REWIND 9
G0 TO (212,213,214,215,216,217),11
212 WRITE (3,219)
G0 TO 213
213 WRITE (3,220)
60 TO 218
214 WRITE (3,221)
GO0 TO 218
215 WRITE(3,222)
G0 TO 218
216 WRITE(3,223)
G0 TO 218
217 WRITE(S,224)
G0 TO 218
218 CONTINUE
8 FORMAT(SE15.8)
225 READ (9,8,END=211) AA
G0 TO (226,227,228,229,230,231),11
226 WRITE (3,2007)AARC113), (RACI), I=61,68)

GO TO 225
227 WRITE (3,2008)RA(113), (AAC(I), I=63,76)
50 TO 225
228 WRITE (3,2009)AA(113), (RACI), I=77,84)
G0 TO 225
229 WRITE (3,201@)AA(113), (AAR(I), 1=85,92)
G0 TO 225
230 WRITE (3,20113RA(113), (AAR(I), 1=93,100)
G0 TO 225
231 WRITE (3,2012)AA(113), (AA(I), =101, 108)
G0 TO 225
211 CONTINUE
RETURN
219 FORMAT (1H1,5X,’FORCING FUNCTIONS—IN INCHES’,.,85X,’DERIVATIVES’,
D T = e e o e P/ /PR PTIME? 9%, °F. L. 511X, "F.R.* 511X, "R.L.*» 1
*éX;’R.R.';llX;'F.L.’-11X;'F.R.',11X;’R.L.'-11X;'R.R.';/,4X.'(IN SE
*C.31D

220 FORMAT (1H1,5X,*'LOADING ON CENTERPLATES AND SIDE BEARINGS—IN LBS’,
X775 40X, ' CENTERPLATE’ , 50X, *SIDE BEQRINBS' <3 18X, °
* 4R,
X 4 1 7736%, "TIME? 9%, "F.L."» 11X, ’F
Kols T 10 TR T I TRARL 5 11X R LT s AR PR 5 EIX R Y5110
¥R, tase2Xy CINC-SEELD ")

221 FORMAT (1H1.5X,’LOADINGS ON TRACK-IN LBS’,./,40X, 'VERTICAL® ,50X, ’L
¥ATERAL’ » 75 18X, *
*__"' » 4K, ? »
X s 7/56Rs "TINME® 9%, "F.L...* » 11Xy "FoR. ?511X: *R.L. " 11X, *R.R. " »'11
A R be? s 1R PR P A G IR » LGP RLUR. Y a ZH@Xs YL TN SEC.3" )

222 FORMAT (1H1, ./, 25X, 'LATERAL LOADING OMNM BOLSTER-IN LBS’, 30X, *UERTI
*CAL DAMPING FORCE—IN LBS?, 518X, *
* *a4X,?

L0 s/ sBRTIME? s I, F L. "5 115 'F.R. *511%:*R. L. s11%,"

*P Ri®s 11X "FLL " 30X FoR. s 11X *RoL. " » 11X, 'R.R. * s 792%s. 2 C IN SEE. )?

X)

223 FORMAT (1H1,/~7,25X, 'SPRING DEFLECTIONS—IN INCHES’,35X,*UVERTICAL L




) %UQDINB oN SPRIHG—I@-L?S:;/;lBX;’
k“-_‘——_“"—’s//QGX’:TlﬁE'!SX;’F-L.’:11Xv'F.R.’!11XI'R.L-’allx"R.R
.’ 11X F. L.’ s 11X, "F.R.’s 11X, "R.L.*, 11X *R.R. *» 7, 2Xs > (IN SEC,)’)

224 FORMAT (1H1,//7,25X, "VERTICAL DEFLECTION ON RAIL--IN INCHES’, 32X,

X . *LAT
*ERHL-DﬂHPlNG—IN'%ES's/;18X-' -

X T 7 - :

e 's//;GX,'TlﬁE’v9X;’F.L}f:ilX,’F.R *s11Xs’R.L.7+11X:"R.R.*»1

. L}
¥1%,"F.L.",11%X, "F.R.’ ,11%, *R.L.*» 11X, *R.R.*)
2007 FORMAT (F19.6,8F15.6)

2008 FORMAT (F19.6,3F15.2)

2009 FORMAT (F10.6,8F15.2)

2010 FORMAT (F1Q.6,8F15.2)

. 2011 FORMAT (F10.6,4F15.6:4F15.2)

- 2012 EﬂgﬂﬂT (F12.6,4F15.6,4F15.2)

NO ERRORS

SYM3 REU.H




RDS-500 FOETRAM4 EEV. F 942979
FROGEAM MERFLT
INTEGER STAT.C.D.E,F.SUN.B
IMTEGER CHSDUN, TSUB. TENT . TPTINC
COMMOM-BL-YHAKOLT13Y . YHMINC 1133 » IHEADS(40,.113) « ICHS{113) . BANGE.
¥ SCALECLIR).AXISCI123 . MADCL132), YDATAC 1131, ODATAC112:, OERRIE ) .
¥ LHEADS 46, 2)
DATA DERR-S4G. . 1.~
C FLOT USES UMIT 8,FLOTEZ2 USES 8 + 9, PLOTF3 USES. 3 + GLD
CALL PLOATS
CALL PLOTC.Q1..0L.-3)
CHSDUM=0
TSUB=112
LUN=3
LUN=3. RECORD IS 139 REAL UALUES
MCHS, NO CHANS TO PROCESS - IF ZERO STOFP
T™™MAX TIME TO CUT OFF FLOT
TMIM TIME TO START FLOT
TPTIMC PLOT TIME INCREMENT
READ(2, 106 I1DUM, HCHS > THMAX, TMIN, TETINC
102 FORMAT (215, 2F10. 7. IE)
IF{NCHS ) 10, 1060, 10
10 PEAD(Z, 1923 LHEADS
DO 2@ I=1,NCHS _
C MAX + MIN UALUES FOR SCALING + CHANM TO APPLY IT TO
READ(2, 1013 YMAXCI Y, YMINCI ), ICHS(I )
i1 FORMAT(2F19, 7, I5)
C HEADIMB FOR 1 CHAMNEL CORRESPOMDING THIS YMAX + YHMIN
REQAD(2.102) (IHEADS(.J:1).J=1,4}
102 FORMAT (40[R2)
20 CONTINUE
21 REWIHD LUN
ITIME=IFIX(TMIM)
IPENCD=2
TCHT=9
23 MINCH=1 + CHSDUN
MAXCH=6 + CHSDLIM
DO 21€ I=1,T5UB
QDARTACT 3 =0,
210 COWNTIMUE
IF(NCH5-6)25, 30, 32
25 MAXCH=MHCHS + CHSDUN
30 MCHS=9
0 TO 24
3z FHMNCH=MINCH+HCHSDLMN
MAXCH=MAK¥CH+CHSDUMN
MEHS=HCHS-6

0

oonon

C MO OF ‘PLOTS PERPAGE(MAX &)
34 HPLOTS=MAXCH-MIMCH+1 -
C INCHES AtLOMED FER PLAT
SPACES=108. ~MNFLOTS
BAFS=.19
HEIGHT=. &7
HIDTH=. @&

BOTTOM=, @7
SPACEZ=GAPE+2. ¥ BUTTOMHHE IGHT
c PRINT HEADIMGS
. CALL SYMBOL(HEIGHT.1. .HEIGHT, LHERDS(1,13,98. ,80)
#w=2. ¥ (HE]GHT+BOTTOM)
CALL SYMROL(X.«1..HEIGHT,LHERDS(1,2).90. ,807



H=¥+.78 ]
CALL FLOT(X,0, ,~3)
XSTART=X

LABEL. FLOTS + AXES
DO 59 I=MINCH,MAXCH
PRINT CHANNEL DESCRIPTION FROM CARD

CALL. SYMBOL(@., BOTTOM, HEIGHT.s IHEADS(1, 1), ©.,80)
CALL FLOT(0.,9.,3) :

MOUE ORIGIN ABOVE CHANNEL DESCRIPTION

Call PLDT(O.-GQP59—3)

RANGE=YMAX (T )-YMIN(I)

SCALE( I )=RANBE . (SPACES-GAPS)
ﬂhIS(I)‘—YH]N(I)/:CQLE(I)

MADCI )=

IF(YNIN(I) EQ.9.) MAD(I)=1

IF(YMAX(1).EQ. Q. MAD(1)=2

IF(SIBH{L. , YHINCI) ) _ER.SIGN(L. » YIMAX(I))) MAD(I)=0

COMFUTE E FORM YMIN + PLOT IT IF NOT Y ORIGIN

YPT=YMIN{I)

CALL XPONT(YPT,. X, EXFT,HEIGHT . HIDTH)
H2=R+2. XWIDTH + .04

IF(YMINCI).ER.9.) GO TO 36

CALL NUMBER(.QZ,BOTTOM, HEIGHT . YPT, ©.,4)
CALL PLOT(Q.:9.,3)

CALL SYMBOL (X, BOTTOM,HEIGHT»'E °, ©.,2)
CALL PLAOT(0Q.,0.,3)

CALL. NUMBER(X2, BOTTOM. HEIGHT . EXFT, 0.:—1)
CALL PLOT(0.,0.,3)

YAXIS=X24+2. XUIDTH +.94
Y=BOTTOM+SPRACES-SPACE2

COMPUTE E FORM YMAX + PLOT IT IF NOT Y ORIGIN

YPT=YMAX(]1)

CALL -KPONT.(YFT, X2, EXPT, HEIGHT » WIDTH)
R=X2+2. KUIDTH + .04

[F (YMAXCIL)L EQ. 9. 60 -TO- 37.-- -
CALL HUMBERC . 02,Y, HEIGHT, YFT; 9.:4)
CALL PLOT(O.,0.,3)

CALL SYMBOL(XZ2,YV;HEIGHT, "E -y O., 2)
CALL FLOT(O.,0.,3)

CALL NUMBER(X,Y, HEIGHT EXFT, @.,-1)
cAaLL” PLDT(0 .0 8)

CHUDSE Hﬂx X FUP X URIGIN LINE

X= QMQXi(YQXIS,X+2 FUIDTH+:04)+. 02
“ o IF Y oRXIS PLAOT Y- ZERO- PDINT
IF(MADC(])) 38,39,40 -
Y=AXIS(1)-HEIGHT. 2.

X=X~ (LIDTHX3.+.04)

CALL SYMBOL(X,Y.HEIGHT,?,9’',0.,2)

ansa oon

00

0One

ann (d{

§8 ﬁgﬁﬂﬂ






CALL PLOT(0.,0.,3)
X=X~ (WIDTHX5. +.04)
CALL MUMBER(, s HEIGHT» THIN: 0. , 2)
CALL PLOT(®.,0..,3)
g X=3%+(WIDTHX 8.+.08)
39 X=X+1.
CALL. SYMBOL (X, BOTTOM, HEIGHT , * TIME(SECS) *, @. » 19)
X=X-1.
GO TO 43
4@ K=MADCI)
&0 TO. (41,380),K
41 ¥=BOTTOM
60 TO 350
43  Y=SPACES-GAPS
CALL PLOT(X:0..3)
CALL PLOT(X:Y»2)
XORIG=X
-~ CALL. PLOT(Q..Y,2)
45  CALL PLOT(O..Y¥,-3)
T YMAXCD) =YMAX( 1) SCALECD)
YMINCI)=¥MINCI) /SCALECTY
_ X=XSTART -
50  CONTINUE _
S1 * START=XORIG-TMIN
COX=TMIN \
C SET ORIGIN FOR PLOTS
v+-10, +GAPS
CALL PLOT(START,Y,-3)

RERD DQTQ TAPE

"~ READCLUN, 103;END* 70 ) (YBATA(J),J=1,TSUB)-
103 FORMAT{8E15.9)

TCHT=TCNT+1

IF (MODCTCNT . TPTINC) )55, 60,55
(S1%] IF(YDATAR(TSUB) LLT.TMINY G3 TO S5

“J=1
C ’ .
C PLOT CHAMNEL. DATA. AXES, +BOUNDS FOR UONE RECORD (ONE. TIME SAMPLE)
C
DO 65 I=MIHCH,MHAXCH
YINC=SPACESY (J-1)+AXIS(1)
C ’ FLOT PQUNDS THIS PLOT

Y=YMINCI Y4+v INC
CALL FLOTC(OX.Y.3)
CALL PLOT(YDATA(TSUBY.Y:2)
CALL PLOT(e.,0.,3) T
Y=rMAXCT)+YING
CALL FLOT(OX:Y.3)
"CALL. PLOTC(YDATACTSUBY » Y, 2)
CALL PLOT(®..0.,3)
YINCZ=YINC |
c " PLOT AXIS THIS FLOT
IFMADCI))61,610,.61
619  YINC2=YINC+YMAX(1)
51 CALL PLOTCOX, YINCZ2.3)
CALL PLOTC(YDATACTSUB) s YINCZ,2)
CALL PLOT(©..9..3)
IFCIFIX(YDATACTSUBY ) .LE.ITIMEY B0 TO 62



(wlw

B2

65

aon

ann

e

5

1600

PLOT TICK MARKS AND SEC NOS

X=YDATA(TSUB )W IDTH- 2.
Y=YMINCI 3+Y INC+BOTTOM—. 02

CALL FLOT(X,Y.3)

¥=Y-=BOTTOM+. 02

CALL PLOT(X,Ys2)

Y=vMAX 1 )+YINC-BOTTOM+. 02

CALL PLOT(X:Y,3)

¥Y=Y+BOTTOM-.02

CALL FLOT(X.Y,2)

Y= Y—(HEIGHT+BUTTDM+ B4y

CALL. NUMBER(¥X, Y, HEIGHT- YDRTR(TQUB),O »—1)
CALL PLOT(®. .. +3)

Y=0DATAC(I Y+YINC

CALL. PLOTI(OX:Ys3)
THISY=YDATAC ICHS( 1)) /SCALE(])
IF(THISY.GT. YMAX(I)) THISY=YMAX(])
IF(THISY.LT. YMIN(I)) THISY=YMINCL)
Y=THISY+YINC A

ODATAC1)=THISY -

CALL PLOT(YPATACTSLBY Y. IPENCD)
CALL FLOT(Q..Q. ,3)

J=J+1

CONTINUE

IPENCD=2 g ¢
IF(IFIX(YDQTQ(TSUB)) GT.ITIMEY ITIME=IFIX(YDATA(TSUB))

~HDUE PLOTTED DATA TO OLD

OX= YDHTH(TSUB)
IF(DX BE TMRY) G0 TO 7@

LUDP BRCL TD RERD'HEXT RECORD

G0 TO 55 ’
CHSBUN= CHSDUN+NPLDTS
CALL PLOT(-START:—GAFS,3)
cALL fLDT(DX,—GﬁPSsE)
¥=0¥X+]

IF(X 5T.4.8) GD TO 75
K=K+l -

GO TO 72

CALL PLOT(X, -GAPS.-3)
IF({NECHS)21,5.21 °

CALL FLOT(®..0.,399)
S5TOFP

END

ND ERRORS

:F
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RDS-50@ FORTRAN4 REV. F 04/29/79
SUBROUT INE XFONT (Y, ESPAC, EXPT, HEIGHT » WIDTH?
EXPT=0.

IF(Y.ER.2.) GO TO 200
YFIX=1.

IF{(ABS(Y).LT..0801) YFIX=10.
IF(ABS(Y).BT.99939.) YFIX=.1
IF(YFIX.EQ.1.) GO TO 100

10 Y=YXYF1X
EXFT=EXPT+1.
IF(ABS(Y).LT.1.) GO TO 10
IF(ABS(Y).GT.9.) GO TO 10
IF(YFIX.EQ.10.) EXPT=-EXPT

1909  ESFAC=8.XUIDTH + .09

RETURN

200  Y=.000001
B0 TO 100
END

NO ERRORS

SYM3 REV.B



st




RDS-500 FORTRANM4 REV. F 04-29-79
gUB?DUTINE HPOMT (Y ESPAC, EXPT. HEIGHT , WIDTH)
XPT=0.
IF(YV.ER.D. ) GO TO 200
YFIX=1.
IF(ABS(YV).LT..0001) YFIX=10.
IF(ABS(Y).6T.9999.) YFIX=.1
IF(YFIX.EQ.1.) GO TO 106

10 Y=YXYFIX
EXPT=EXPT+1.
IF(ABS(Y).LT.1.) GO TO 10
IF(ABS(Y).6T.9.) GO TO 10
IF(YFIX.EQ.10.) EXPT=—EXFT

199 ESPAC=8.XWIDTH + .@9

RETURN
cee  Y=.000001
G0 TO 100
END
HO ERRORS

5YM3 REV.G
:F






APPENDIX C

PROGRAM FLOW CHART



MRB

START

Pow = 0

CALL
MRBI1N

!

CALL
MRBS12

!

JT

I
o

Initialize
Lateral
Spring
Stiffness

Initialize
Wheelset
Vertical
Displacement

Read
Input
Data

Initialize ,
Forcing Function
and Gauss

Matrix

Initialize
Counter

for Print
Increment

Initialize
Flag for
Integration
Phase



Initialize Partial
P=20 ; Time Indicator

’ : for Time Within
an Integration Step.

Choose Restart Mode,
Start from Equilibrium
if-Greater than Zero;
Start from .Previous Run
'End if Less than or Equal
to - Zero ‘ ‘

Reset Values

, CALL . £ Those
WA 501 RESET , Siggled ciJn

Previous Run

: Set -Value of
KODE = Kode for Storage
KODE -1 When Reset is
Again Called.

Set Time

P=T 2 [ from Previous
. - - - Run
© CALL
MRBL1 - |
' ' Increment
- IT = TI1+1 Print Counter




CALL
DAM2

STORAGE
VARIABLES
IN F
ARRAY

v

150 )
NO_PRINT
M =T+DT
300 =T + DT

PRINT

" Calculate

Damping
Forces

Calculate
Freight Car
Accelerations

~These Variables

are Read on
to Tape at End
of Run in Reset

Check if

‘Time to

Print or Not

Increment
Full Time
Step

Increment
Full Time
Step



510

CALL

e RUNG 2

Yes

CALL
MRBS22

MRBZA2

. CALL
MRBS32

..‘__J

i

CALL
SPCON

INTEGRATION

Perform
Runge-Kutta
Integration

Determine

if Last
Integration
Phase has

Been Performed

Apply Track
Forcing Function
to Wheels of
Freight Car

(X/L > 1)

Modify Track
Forcing Function
for 0 < X/L < 1

Determine
Displacements
of Various
Components

Calculate
Forces at
Springs



CALL
RESET

CALL
- MRBS4

CALL
MRBSS5

CONTINUE

200 MEND

END

Store
Variables
for Future
Continuation

Calculate
Forces and
Store on
Tape

Prepare
Variables
and Store
on Tape

- Restart
~Print

Counter

Decide if

End of Simulation
has been

Reached

List Final
Output



APPENDIX D
COMPUTER SIMULATION. INPUTS



VEHICLE NUMBER 39551

' Page 1 of 8
Description variable Units Validation A B

I. CAR DIMENSIONS
- Moments of Inertia:

Front Mass Pitching AIX1 1b-ft-sec? 79,694 97,464

Front Mass Rolling AlY1 1b-ft-sec? 29,607 40,356

Front Mass Yawing AIZ1 lb—ft-sec2 72,422 82,905

Rear Mass Pitching AIX2 1b-ft-sec” 79,694 89,559

Rear Mass Rolling AIY2 1b-ft-sec? 29,607 32,284

Rear Mass Yawing AIZ2 1b-ft-sec’ 72,422 77,968

Front Bolster Rolling ] AIY3 1b-ft-sec? 180 180

Rear Bolster Rolling AIY4 1b—ft-sec2 180 180

Front Wheelset/Frame Rolling AIY5 1b-ft-sec2 1363.2 1363.2

Rear Wheelset/Frame Rolling AIY6 1b-ft sec’ 1363.2 1363.2

Masses: | |

Front Car Body AM1 slugs 1,719 2,270
- Rear Car Body AM2 slugs 1,719 1,727

Front Bolster ' AM3 slugs 36 36

Rear Bolster ' AM4 36 36

slugs




VEHICLE NUMBER

39551

Page 2 of 8
Description Vaaizgle Units Validation A B
Front Wheelset AMS5 slugs 198 198
Rear Wheelset AM6 slugs 198 198
Distances:
Front Left Centerplate Radius P1 ft 0.583 0.583
Front Right Centerplate Radius P2 £t 0.583 0.583
Rear Left Centerplate Radius P3 ft 0.583 0.583
Rear Right Centerplate Radius P4 ft 0.583 0.583
R B r
B g
e e
B e i z
Front Left Spring to Bolster Center G1 £t 3.29 3.29
Front Right Spring to Bolster Center G2 ft 3.29 3.29
Rear Left Spring to Bolster Center G3 ft 3.29 3.29
Rear Right Spring to Bolster Center G4 ft 3.29 3.29
Front Left Half of Gage L1} ft 2.375 2.375
Front Right Half of Gage w2 ft 2.375 2.375




VEHICLE NUMBER ~__ 39551 °

Page 3 of 8
Description. Va;;;Zle" Uni£s> ' .Valiﬁééig? A B
Rear Left Half of Gage . W3 . £t - 2.375 2.375
Rear Right Half of Gagé'. w4 ft. 2.375: 2.375%
E:ggté?ﬁieé;::ng g. to Front s1 P 0.17 0.17
E:;: S1de1§;§1:gg.-to Front 53 £t 0.17 0.17
' __—EEEF_WheeIEet c.g. to Front S4 £t 0.17 0.17
Right Side Sprlng
Heights: - -
Fropt Left Side Bearing Clearance ZB1 ft 0.021 0.021
Front Right Side Beariﬁg-CIeérance ZB2 ft 0.021 0.021
Rear Left Side Bearing Clearance ZB3 ft 0.021 0.021
»‘Rear Right‘Side Bearing Clearance ZB4 ft 0.021 0.021
Front Left c.g. Wheelsets From Rail c1 » £t -1.5 1.5
Front- Right c.g. wheelset§ From Rail C2- ft 1.5 1.5
Rear Left c.g; Wheelsets From Rail Cc3 ft 1.5 1.5
Rear Right c.g. Wheelsets From Rail c4 ft 1.5 1.5
o e T e Carbody o e
5e§£1£z}s;2;rto -8 Carb6ay B2 ft 4.17 4.67




VEHICLE NUMBER 39551

Page 4 of 8
Description Vaa;;Zle Units Validation A B
T o r
L T L o 02 T
Front Left Gib Clearance XSC1 ft 0.0313 0.0313
Front Right Gib Clearance Xsc2 ft 0.0313 0.0313
Rear Left Gib Clearance XSC3 £t 0.0313 0.0313
Rear Right Gib Clearance XSC4 ft 0.0313 0.0313
Front Left Flange Clearance CWl ft 0.0339 0.0339
Front Right Flange Clearance CW2 ft 0.0339 0.0339
Rear Left Flange Clearance CW3 £t 0.0339 0.0339
Rear Right Flange Clearance Cw4 ft 0.0339 0.0339
c.g. Front Body to c.g. Whole Body D1PI ft 8.44 7.17
c.g. Rear Body to c.g. Whole Body D2PI ft 8.44 6.67
II. INPUT CURVE PARAMETERS
Speed v ft/sec 14.67-52.80 14.67-52.80
Rail Length AL ft 39.0 39.0
Max Crosslevel Difference S ft 0.0313 0.0313




VEHICLE NUMBER ~ 39551
Page 5 of 8
Description Vaﬁizgle Units Validation A B

Truck Center Distance D ft 39.71 39.71

Wheel Base B £t 5.67 '5.67

ITI. STIFFNESS PARAMETERS

Front Left Centerplate Vertical GKP, 1b/ £t 25,440,000 25,440,000

Front Right Centerplate Vertical GKP, 1b/ft - 25,440,000 25,440,000

Rear Left Centerplate Vertical GKP 1b/ft 25,440,000 25,440,000

Rear Right Centerplate Vertical GKP4 1b/ft 25,440,000 25,440,000

Front Left Side Bearing Vertical 'GKBEl, 1b/ft 42,9603000 42,960,000

Front Right Side Bearing Vertical GKBE, 1b/ft 42,960,000 42,960,000

Rear Left Side Bearing Vertical GKBE3 1b/ft 42,960,000 42,960,000

Rear Right Side Bearing Vertical GKBE4 " 1b/ft 42,960,000 42,960,000
Corresponding Damping Type CDBEI,2,3)4 g giiig;ﬁ 0 0

Corresponding Damping Coefficient GDBE) , 5 4 lgffﬁésec 500 500

Front Left Suspension Vertical GKG1 1b/ft 283,622 249,485

Front Right Suspension Vertical GKG, 1b/ft * 283,622 249,485

Rear Left Suspension Vertical GKC3 1b/ft 283,622 249,485

Rear Right Suspension Vertical GKG lb/ft 249,485

283,622




2

VEHICLE NUMBER 39551
Page 6 of 8
o Variable s 4 "
Description Name Units Validation A B

§ R 0 Viscous

Corresponding Damping Type CDG1 2,3,4 1 Coulémb 1 1
2

i p Sl 1bs or
qurespondlng Damping Coefficient GDGI,2,3,4 1bs/ft/sec 4,000 4,000
Front Left Suspension Lateral GKS; 1b/ft 130,466 114,763
Front Right Suspension Lateral GKS, 1b/ft 130,466 114,763
Rear Left Suspension Lateral GKS3 1b/ft 130,466 114,763
Rear Right Suspension Lateral GKS, 1b/ft 130,466 114,763
Corresponding Damping Type CDS1 2.3.4 2 X;Z;g;g  § 1

2 2 2
2 5 i Ibs or
D 4,000 4,000

Corresponding Damping Coefficient G 51,2,3,4 1bs/ft/sec
Front Left Track Vertical GKW, 1b/ft 3,000,000 3,000,000
Front Right Track Vertical GKWZ 1b/ft 3,000,000 3,000,000
Rear Left Track Vertical GKW, 1b/ft 3,000,000 3,000,000
Rear Right Track Vertical GKVI4 1b/ft 3,000,000 3,000,000

3 2 0 Viscous
Corresponding Damping Type CDVI1,2,3,4 % o tointh 0 0
Corresponding Damping Coefficient GDVIl 2.3.4 1bs/ft/sec 0.0 0.0
, 2 - Ao ¢
Front Left Track Lateral. GKWX, 1b/ft 2,000,000 2,000,000
Front Right Track Lateral GKWX 1b/ft 2,000,000 2,000,000




VEHICLE NUMBER _39551

0.3

Page 7 of 8
‘Description Vaﬁzggle' Units Validation A B
‘Rear Left Track Lateral GKWXS “1b/ft 2,000,000 2,000,000
Rear Right Track Lateral GKWX . 1b/ft 2,000,000 2,000,000
. N * - ~ 0 Viscous :
Cotrespondlng Damping Type CDW)(I,Z’:,”4 1 Coulomb 1 1
R R . . - 1bs or

Corresponding Damping Coefficient GDWX1’2;3’4 ‘1bs/ft/sec 0.0 0.0
Tirsional Between Body Masses T12 ft/1bs/rad 5.35 x 107 5.35 x 107
Shearing Between Body of the ‘ ’
Vertical Axis B122Z ft/1bs 0.0 0.0
Shearing Between Body in
Lateral Direction _ B12X‘ ft/1bs 0.0 0.0
Torsional Damping Between Bodies D12 ft/1bs/rad/sec 0.0 0.0
Bending Between Bodies About 8 8
Lateral Axis . T12X ft/1bs/rad 2 x 10 2 x 10

. Bending Between Bodies About \ : 8 . 8
Vertical Axis ‘ T122 ' ft/1bs/rad 4 x 10 4 x 10
Length of Spring Travel POGC ft 0.255 0.255
Side Frame Lateral SFLAT 1b/ £t - 1,000,000 1,000,000
Side Frame Vertical SFVER 1b/ft 38,520,000 38,520,000
- Friction Coefficient at Gib COEFF Dimensionless 0.3




VEHICLE NUMBER

39551 .

Page 8 of 8
s g s Variable . . .
“Description Name Units Validation A B

IV. MODEL TIME PARAMETERS

Time Increment DT seconds 0.0005 0.0005

Time Model to Pause DTMAX seconds 16 12

Number of Time. Increments Between . R

Printouts NT Dimensionless 100 100
V. MODEL MODE PARAMETERS 1.0

. 0 off .
Rolling Mode Flag NRP 1 on
Bouncing Mode Number of Joints "NDJ




VEHICLE NUMBER _ 38444

Page 1 of 8
Describtion Va;izg;e Uﬁits Validation: B

I. CAR DIMENSIONS

Moments of Inertia:
_ Front Mass Pitching AIX1 1b-£t-sec’. 126,334

Front Mass Rolling AIY1 lb-ft;§ec2 33,640

Front Mass Yawing AIZ1 1b-ft-sec” 75,295

Rear Mass Pitching AIX2 1b-ft-sec’ 126,334

Rear Mass Rolling AlY2 lb-ft-sec2 33,640

_Rear Mass Yawingf- AlZ2 lﬁ-ft—seczi 75,295

Front Bolster Rolling AIY3 lb-ft-sec2 270

Rear Bolster Rolling AIY4 1b-ft -sec’ 270

Front Wheelset/Frame Rolling AIYS ib-ft-'secz 2,045

Rear Wheelset/Frame Rolling AIY6 lb-ftisec2 .2,045

Masséé: .'.“ B S

Front Car Body AM1 slugs 2,035
- Rear Car Body AM2 slugs 2,035

Front Bolster AM3 s}ugs 54

Reaf Bélster AM4 slugs 54




VEHICLE NUMBER _ 38444

Page 2 of 8
Description Va;;:Zle Units Validation A B

Front Wheelset AMS slugs 297

Rear Wheelset AM6 slugs 297

Distances:

Front Left Centerplate Radius P1 ft 0.75

Front Right Centerplate Radius P2 ft 0.75

Rear Left Centerplate Radius P3 ft 0573

Rear Right Centerplate Radius P4 ft 9.75

Front TaTE SHie Jesring 3 z

B;g::erléezgeilgnee?rlng *° BE2 ft 450

R R = r 7o

B i "

Front Left Spring to Bolster Center G1 ft 3.29

Front Right Spring to Bolster Center G2 ft 3.29

Rear Left Spring to Bolster Center G3 ft 3.29
Rear Right Spring to Bolster Center G4 ft 3.29

Front Left Half of Gagq» ) W1 ft 25375

Front Right Half of Gage w2 ft 2.375




VEHICLE NUMBER

38444

Pagé 3 0f 8§
>Description ’ va;;;gléA Units Yalidation B

Rear Left Half of Gage W3 ft 2;375

Rear Right Half of Gage w4 £t 2.375

Lozt Snte Speing = o

FroRt Wieelset CF o oo z

Rear Fheolget o8- to From 5 z

Rear Wheelset c.g. to Front sS4 £t 0.17

Right Side Spring

Heights: ‘ ' A

Front Left Side Bearing Clearance ZB1 ft 0.021

Front Righf Side Bearing Clearance B2 ft 0.021

Rear Left Side Bearing Clearance LB3 ft 0.021
- Rear Right Side Bearing Clearance ZB4 ft ) -0.021

Front Left c.g. Wheelsets From Rail C1 ft ; 1.38

Front Right c.g. Wheelsets From Rail c2 ft 1.38

Rear Left c.g. Wheelsets From Rail C3 ft 1,38

Rear Right c.g. Wheelsets From Rail c4 ft 1.38

I i i =

Gt o o b Croew z
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Page 4 of 8
Description Va;izgle Units Validation B
s e o o1 f
B it foar ® b2 t 10.4
Front Left Gib Clearance XSC1 ft 0.0313
Front Right Gib Clearance Xsc2 ft 0.0313
Rear Left Gib Clearance XSC3 £t 0.0313
Rear Right Gib Clearance XSC4 ft 0.0313
Front Left Flange Clearance CW1 . 4 0.0339
Front Right Flange Clearance CW2 ft 0.0339
Rear Left Flange Clearance CW3 ft 0.0339
Rear Right Flange Clearance Cw4 ft 0.0339
c.g. Front Body to c.g. Whole Body D1PI ft 7.6
c.g. Rear Body to c.g. Whole Body D2PI ft 7.6
II. INPUT CURVE PARAMETERS
Speed v ft/sec 14.67 - 52.80
Rail Length AL ft 39.0
Max Crosslevel Difference S ft 0.031
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38444

Page 5 of 8
Description Vaa;;ﬁle Units Validation B
Truck Center Distance D ft 36.0
Wheel Base B ft 9.0
III. STIFFNESS PARAMETERS
Front Left Centerplate Vertical GKP, 1b/ft 38,160,000
Front Right Centerplate Vertical GKP, 1b/ft 38,160,000
Rear Left Centerplate Vertical GKP3 1b/ft 38,160,000
Rear Right Centerplate Vertical GKP, 1b/ft 38,160,000
Front Left Side Bearing Vertical GKBE1 1b/ft 64,440,000
Front Right Side Bearing Vertical GKBE, 1b/ft 64,440,000
Rear Left Side Bearing Vertical GI(BE3 1b/ft 64,440,000
Rear Right Side Bearing Vertical GKBE, 1b/ft 64,440,000
Corresponding Damping Type CDBEI,2,3,4 2 gii:g:g 0
Corresponding Damping Coefficient GDBEI,2,3,4 12:7{E£sec 500
Front Left Suspension Vertical GKGl 1b/ft 412,646
Front Right Suspension Vertical GKG, 1b/ £t 412,646
Rear Left Suspension Vertical GKG3 1b/ft 412,646
Rear Right Suspension Vertical GKG 1b/ft 412,646
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Description Va;;igle Units Validation B

Corresponding Damping Type CDGI,ZJ3l5 g giiig:ﬁ 1

Corresponding Damping Coefficient GDG112)314 lg:7f:;sec 8,000

Front Left Suspension Lateral GKS, 1b/ft 189,817

Front Right Suspension Lateral GKs, 1b/ft 189,817

Rear Left Suspension Lateral GKS 4 1b/ft 189,817

Rear Right Suspension Lateral GKS, 1b/ft 189,817

Corresponding Damping Type CDSI,Z,B,d 2 ggz;g:s 1

Corresponding Damping Coefficient GDSI,2,3,4 1%:7f:;sec 8,000

Front Left Track Vertical GKW1 1b/ft 4,500,000

Front Right Track Vertical GKW, 1b/ft 4,500,000

Rear Left Track Vertical GKW 4 1b/ft 4,500,000

Rear Right Track Vertical GKH4 1b/ft 4,500,000

Corresponding Damping Type CDWIJZ,314 2 Xi:ig:g 0

Corresponding Damping Coefficient GD"i,2,3,4 lbs/ft/sec 0.0

Front Left Track Lateral GKWX1 1b/ft 3,000,000

Front Right Track Lateral GKWX 1b/ft 3,000,000

2
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Page 7 of 8

Friction Coefficient at Gib

COEFF

t
: Variable e . 2
pescript1o§ Name U§1ts Validation B
Rear Left Track Lateral GKWX3 1b/ft 3,000,000
Rear Right Track Lateral GKWX4 1b/ft 3,000,000
: . 0 Viscous
gorrespondlng Damping Type CDWX1 2,3,4. 1 Coulomb 1
. . . s 1bs or 0.0
Corresponding Damping Coefficient GDWX \1'2’3’4 1bs/ft/sec
Tirsional Between Body Masses Ti2. ft/1bs/rad 6.65 x 107
Shearing Between Body of the :
Vertical Axis - B12Z ft/1bs 0.0
Shearing Between Body in
Lateral Direction B12x ft/1bs 0.0
Torsional Damping Between Bodies D12 ft/1bs/rad/sec 0.0
Bending Between Bodies About ' 8
Lateral Axis ITIZX ft/1bs/rad 2 x 10
Bending Between Bodies About : 8
Vertical Axis T122Z ft/1bs/rad 4 x 10
Length of Spring Travel POGC ft 0.21
Side Frame Lateral SFLAT 1b/ft 1,500,000
Side Frame Vertical SFVER 1b/ft 57,780,000
Dimensionless 0.3
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S Variable ’ £ .
Description ey Units Validation B

IV. MODEL TIME PARAMETERS

Time Increment DT seconds 0.0005

Time Model to Pause DTMAX seconds 12

Number of Time Increments Between < -

Peintorts NT Dimensionless 100
V. MODEL MODE PARAMETERS

Rolling Mode Flag NRP 2 EE %

on
Bouncing Mode Number of Joints NDJ 1
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Page 1 of 8
Description Variable Units Validation A B
1. CAR DIMENSIONS -

*Moments of Ineftia: .

. Front Mass Pi_.tchihg ‘AI\X-I lb-ft-sec2 538,679 588,603 556,825
Front Mass Rolling AlY1 1b-ft-sec? 188,000 181,841 141,510
Front Mass Yawing AlZ1 lb-ft-secz 484,961 52’7,160 512,709
Rear Mass Pitching AIX2 lb-ft,-sec2 538,679 588,603 556,825
Rear Mass Rolling AlY2 lb-ft-Vsec2 188,000 181,841 141,510
Rear Mass Y_awing AIZ2 1b-ft-sec7 484,961 527,160 512,709
Front Bolster Rolling AIY3 1b-ft-sec? 360 360 360
Rear Bolster Rolling AIY4 1b-ft-sec? 360 360 360
Front Wheelset/Frame Rolling AIYS lli)-ft:-sec2 2,726 2,726 2,726
Rear Wheelset/Frame Rolling - AIY6 1b-ft sec? 2,726 2,726 2,726
Mésses: .

Front Car Body - AM1 slugs 5,400 5,643 4,649
Rear Car Body AM2 slugs 5,400 5,643 4,649
Front -Bolster - . AM3 slugs 144 144 144
Rear Bolster AM4 slugs 144 144 144 .




VEHICLE NUMBER
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Page 2 of 8
Description Va;;::le Units Validation A B
Front Wheelset AM5 slugs 360 360 360
Rear Wheelset AM6 slugs 360 360 360
Distances:
Front Left Centerplate Radius P1 ft 0.75 0.75 0.75
Front Right Centerplate Radius P2 i 0.75 0.75 0.75
Rear Left Centerplate Radius 3 ft 0.75 0.75 0.75
Rear Right Centerplate Radius P4 ft 0.75 0.75 01575
SO N0 S g 10 BE1 £t 2.083 2.083 2.083
L A ™ i td BE2 ft 2.083 2.083 2.083
o g Ty v i BE3 £t 2.083 2.083 2.083
[ e RApes TN NearTiy to BEA £t 2.083 2.083 2.083
Front Left Spring to Bolster Center G1 ft 3.29 3.29 3.:29
Front Right Spring to Bolster Center G2 ft 3.29 3.29 3429
Rear Left Spring to Bolster Center G3 , ¢ 3.29 3.29 3:29
Rear Right Spring to Bolster Center G4 ft- 3.29 3.29 3.29
Front Left Half of Gage w1 ft 2.: 375 2.375 20375
Front Right Half of Gage w2 ft 2.375 2.375 2.375




VEHICLE NUMBER 39803

‘PagelS of'8
"Déséfﬁbtioﬁn.v Yaaizglé Units °. | validation A . B
Rear Left Half of Gage: .- | W3 Ot : 2.375 : - 2.375 v 2.375
_ Rear Right Half of Gage = . Tl W St 2,375 1 2.37% ' 2.375
—h—fiﬁﬁggfﬁieéﬁifng 8- to front s Cft . 0.17 . 0.17 0.17 *
Bl —n T
" Left Side Sprlng s 83 . it 0.;7 : 0.17 »O'17
FR G B 2
Helghts : o
Front Left Side Bearing Clearance ~ZB1 . ft ) 0.021 ©0.021 0.021
‘Front Right Side Bearing Clearance o 282 ' ft 1. - o0.021 - 0.021 : 0.021
Rear Left Side Bearing Cleqfance ZB3 ; 1 ft _ - - 0.021 0.021 - - 0.021
“Rear Right Side Bearing Clearance b zBa \ : ‘ ft. ) . '0.021 , - 0.021 0.021
- Front ‘Left c.g. Wheelsets From*Rail |~ - C1 ’ ff o 1.5 ' 1.5 1.5
Front Right c.g. Wheelsets From Rail c2 ' ft ' 1.5 1.5 . 1.5
Rear Left c.g. Wheelsets From Rail . c3 Oft : 1.5 1.8 1.5
Rear Right c.g. Wheelsets From Rail T Y T 1S - 1.5 1.5
§e§t1£:}5§§;n:° c.g. Carbody . .. .} g 7| ft.A R 4.67 ' -~ 5.07 4.38
'§e§;;23}’;::rt° °'3‘4c"b°‘7 _ B2 Cfe 4.67 s | ass




VEHICLE NUMBER

Page 4 of 8
Description Ya;i:tle Units Validation A B
PR e R T D1 £t 15.26 14.23 14.20
f“;ﬁéi&g;;:{ o e D2 ft 15.26 14.23 14.20
Front Left Gib Clearance XSC1 ft 0.0313 0.0313 0.0313
Front Right Gib Clearance XSscC2 ft 0.0313 0.0313 0.0313
Rear Left Gib Clearance XSC3 ft 0.0313 0.0313 0.0313
Rear Right Gib Clearance XSC4 ft 0.0313 0.0313 0.0313
Front Left Flange Clearance Cwl ft 0.0339 0.0339 0.0339
Front Right Flange Clearance Cw2 ft 0.0339 0.0339 0.0339
Rear Left Flange Clearance CW3 ft 0.0339 0.0339 0.0339
Rear Right Flange Clearance Cw4 £t 0.0339 0.0339 0.0339
c.g. Front Body to c.g. Whole Body D1PI ft 9.74 10.78 10.8
c.g. Rear Body to c.g. Whole Body D2P1 £t 9.74 10.78 10.8
II. INPUT CURVE PARAMETERS

Speed A ft/sec 14.67-52.80 14.67-52.80 14.67-52.80
Rail Length AL ft 39.0 39.0 39.0
Max Crosslevel Difference S ft 0.0313 0.0313 0.0313
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Page 5 of 8
Description V?ﬁiggle Units " validation A B
Truck Center Distance D £t 50.0 50.0 50.0
Wheel Base B ft 5.67 5.67 5.67
I11. STIFFNESS PARAMETERS
Front Left Cengerplate Vertical GKP1 1b/ft 50,880,000 50,880,000 50,880,000
Front)Right Cehterplate Vertical 'GKPZ'r 1b/ft l50,880,000 50,880,000 50,880,000
Rear Left Centerplate Vertical GKP 1b/ft 50,880,000 50,880,000 50,880,000
Rear‘Right‘Centerblate Verticél GKP4 1b/ft 50,880,000 50,880,000 50,880,000
Front Left Side Bearing Vertical 'GKBEI 1b/ft 85,920,000 85,920,000 85,920,000
Front Right Side Bearing Vertical GKBEZ 1b/ft 85,920,000 85,920,000 85,920,000
Rear Left Side Bearing Vertical GKBE, 1b/ £t 85,920,000 85,920,000 85,920,000
Rear Right Side Bearing Vertical ' GKBE, 1b/ft 85,926,000 85,920,000 85,920,000
Corresponding Damping Type » CDBE1,2,3,4 2 giﬁ;g;i 0 0 0
Corresponding Damping Coefficient GDBEI,Z,S,d lgilfgésec 500 500 500
Front Left Suspensiqn Vertical GKG1 1b/ £t 563,789 563,789 563,789
Front Right Suspension Vertical GKG, 1b/ft 563,789 563,789 563,789
Rear Left Suspension Vertical GKG3 ‘ ib/ft 563,789 563,789 563,789
Rear Right Suspension Vertical GKG 1b/ft 563,789 563,789 563,789




VEHICLE NUMBER _ 39803

Page 6 of 8

Description Va;:::le Units Validation A B
Corresponding Damping Type CDGI,Z,S,A ?72335333 1. 1 1
Corresponding Damping Coefficient GDGI,2,3,4 légif:;sec 8,000 8,000 8,000
Front Left Suspension Lateral GKS, 1b/ft 257,960 257,960 257,960
Front Right Suspension Lateral GKS2 1b/ft 257,960 257,960 257,960
Rear Left Suspension Lateral GKS3 1b/ft 257,960 257,960 257,960
Rear Right Suspension Lateral GKS4 1b/ft 257,960 257,960 257,960
Corresponding Damping Type CDSI,Z,3,4 g Xgi:g:ﬁ 1. 1 1
Corresponding Damping Coefficient GDS) , 5 4 lggjfg;sec 8,000 8,000 8,000
Front Left Track Vertical GKW1 1b/ft 6,000,000 6,000,000 6,000,000
Front Right Track Vertical GKW, 1b/ft 6,000,000 6,000,000 6,000,000
Rear Left Track Vertical GKW, 1b/ft 6,000,000 6,000,000 6,000,000
Rear Right Track Vertical GKW, 1b/ft 6,000,000 6,000,000 6,000,000
Corresponding Damping Type CD"1,2,3,4 42 giiig:é 0 0 0
Corresponding Damping Coefficient GD"112,3,4 1bs/ft/sec 0.0 0.0 0.0
Front Left Track Lateral GKWX1 1b/ft 4,000,000 4,000,000 4,000,000
Front Right Track Lateral GKWX 1b/ft 4,000,000 4,000,000 4,000,000

2
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ame
Rear Left Track Lateral | GKWX _ 1b/ft 4,000,000 4,000,000 4,000,000
Rear Right Track Lateral GKWX4 1b/ft 4,000,000 4,000,000 4,000,000
- . : 0 Viscous
Corresponding Damping Type CDwxl,Z,de 1 Coulomb - 1 1 1
R R . s ~1bs or

Corresponding Damping Coefficient GDW)(I,ZJSJi 1bs/ft/sec 0.0 0.0 0.0
Tirsional Between Body Masses. T12 ft/1bs/rad 1.48 x 10° 1.48 x 10° 1.48 x 109
Shearing Between Body of the
Vertical Axis B12Z ft/1bs 0.0 0.0 0.0
Shearing Between Body in
Lateral Direction B12X ft/1bs 0.0 0.0 0.0
Torsional Damping Between Bodies - D12 ft/1bs/rad/sec 0.0 0.0 0.0
Bending Between Bodies About ’ : i 9 0% 4 x 10°
Lateral Axis . T12X ft/1bs/rad 4 x 10 . 4 x1 x
Bending Between Bodies About ‘ » 9 8 x 108 8 x 105
Vertical Axis . TIZZ ft/1bs/rad ’ 8 x 10 x
Length of Spring Travel POGC ' ft 0.26 0.26 0.26
Side Frame Lateral SFLAT b/ft 2.0 x 10° 2.0 x 10° 2.0 x 10°,
Side Frame Vertical SFVER 1b/ft 7.704 x 107 7.704 x 107 7.704 x 107
Friction Coefficient at Gib COEFF Dimensionless 0.3 0.3 0.3
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Page 8 of 8
e Variable . ’ <
Description Rathe Units Validation A B

IV. MODEL TIME PARAMETERS

Time Increment DT seconds 0.0005 0.0005 0.0005

Time Model to Pause DTMAX seconds 12 9 8

Number of Time Increments Between A 100 100

Printéuts NT Dimensionless 100
V. MODEL MODE PARAMETERS

A 0 off
Rolling Mode Flag NRP 1
Bouncing Mode Number of Joints NDJ




VEHICLE NUMBER __ 39837

Page 1 of 8
Description Va;izzle Units Validation A B
I. CAR DIMENSIONS

Moments of Inertia:

Front Mass Pitching AIX1 lb-ft-sec2 238,860 287,441

Front Mass Rolling AIY1 ll:;-ft-sec2 76,824 166,816

Front Mass Yawing AIZ1 1b-ft-sec’ 217,752 244,866

Rear Mass Pitching AIX2 1b-ft-sec’ 238,860 287,441

Rear Mass Rolling AIY2 lb—ft-sec2 76,824 166,816

Rear Mass Yawing AIZ2 lb-ft:-sec2 2174752 244,866

Front Bolster Rolling AIY3 lb-ft-sec2 360 360

Rear Bolster Rolling AIY4 1b-ft-sec’ 360 360

Front Wheelset/Frame Rolling AIYS 1b-ft-sec’ 2,726 2,726

Rear Wheelset/Frame Rolling AIY6 lb-ft:-'sec2 25726 2,726

Masses:

Front Car Body AM1 slugs 6,031 5,565

Rear Car Body AM2 slugs 6,031 5,565

Front Bolster AM3 slugs 144 144

Rear Bolster AM4 slugs 144 144
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Front Wheelset AMS slugs 396 396

Rear Wheelset AM6 slugs 396 396

Distances:

Front Left Centerplate Radius P1 ft 0.75 075

Front Right Centerplate Radius P2 ft 0,75 0.75

Rear Left Centerplate Radius P3 ft 0.75 0.75

Rear Right Centerplate Radius P4 ft 0.75 0.75

T e z

Y R z

e e z
B 5 kel r

Front Left Spring .to Bolster Center G1 ft 3.29 3.29

Front Right Spring to Bolster Center G2 ft 3.29 3.29

Rear Left Spring to Bolster Center G3 ft 3.29 3.29

Rear Right Spring to Bolster Center G4 ft 3.29 3.29

Front Left Half of Gage w1 ft 25375 2:.37S

Front Right Half of Gage w2 ft 2.375 2.375
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Rear Left Half of Gage W3 ; 2375 25375
Rear Right Half of Gage w4 ft 2.375 289G
T AR 3 r
Y e AT z
ot T Sy 53 f
g';:;ﬁ‘i’zlsgrg;‘g' b P g sS4 £t 0.17 0.17
Heights:
Front Left Side Bearing Clearance ZB1 ft 0.021 0.021
Front Right Side Bearing Clearance . LB2 ft 01021 0.021
Rear Left Side Bearing Clearance ZB3 ft 0.021 0.021
Rear Right Side Bearing Clearance B4 ft 0.021 0.021
Front Left c.g. Wheelsets From Rail C1 ft 1.5 1.5
Front Right c.g. Wheelsets From Rail Cc2 ft i 15
Rear Left c.g. Wheelsets From Rail C3 ft 1.5 1.5
Rear Right c.g. Wheelsets From Rail Cc4 ft 145 S
z r
c.g. Bolster to c.g. Carbody B2 £t 4.95 4.73

Vertical Rear
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Description Vaaizgle . Units Validafion A B.
fobiitudingl Fromi® o oo b1 £t 16.53 15.8
C5, Bolster to c-g- Carbody oz =
Front Left Gib Clearance XsC1 ft 0.0313 0.0313
Front Right Gib Clearance Xsc2 £t 0.0313 0.0313
Rear Left Gib Clearance XSC3 ft 0.0313 0.0313
Rear Right Gib Clearance XSc4 ft 0.0313 0.0313
Front Left Flange Clearance Cwi £t 0.0339 0.0339
Front Right Flinge Clearance CW? £t 0.0339 0.0339 -
Rear Left Flange Clearance CW3 ft 0.0339 '0-0339
Rear Right Flange Clearance CcW4 ft 0.0339 0.0339
c.g. Front Bodyrto c.g. Whole Body piPI ft 6.47 7.2 |
c.g. Rear Body to c.g. Whole Body D2pP1 ft 6.47 7.2
II. INPUT CURVE PARAMETERS ' :
Speed v ft/sec 14.67 - 52.8 14.67 - 52.8
Rail Length . AL ft 39.0 39.0
Max Crosslevel Difference ] ft 0.0313
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Page 5 of 8
peseription o cpverabes [ i [T vatidation : ;
T”Trﬁck Center Distance D L ft - 46.0 © 46.0
* Wheel Base B T fr 5.67 5.67
II1. STIFFNESS PARAMETERS
. Front Left Centerplatg Vertical GKP, 1b/f¢t 50,880,000 50,880,000
* Front Right Centerplate Vertical GKP, 1b/ft 50,880,000 50,880,000
Rear Left Centerplate Vefticalw GKP3 1b/ft 50,880,000 50,880,000
Rear Right Centerplate Vertical. " cxp, 1b/ft 50,880,000 50,880,000
" Front Left Side Bearing'Vgrtical . GKBEl 1b/ft - 85,920,000 85,920,000
. Front Right Side Bearing Vertical GKBE, 1b/ft 85,920,000 85,920,000
Rear Left Side Bearing Vertical GKBES 1b/ft ss',gzo,ooo 85,920,000
Rear Right Side Bearing Vertical GKBE4 1b/ft 85,920,000 85,920,000
Corresponding Damping Type CDBE1,2,3,4 2 giigg;; 0' 0
Corresponding Damping Coefficient GDBEI,2,3,4 Igiffgésec 500 500
Front Left Suspension Vertical GKG, 1b/ft 563,789 563,789
Front Right Suspension Vertical GKG, 1b/ft 563,789 563,789
Rear Left Suspﬁnsion Vertical 'GKGs 1b/ft 563,789 '_563,789
Rear Right Susﬁensiqn‘Vertical GKG, 1b/ £t 563,789 563,789
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Correspén&ingrDambing Type: CDG;;5’3)4 '?7333§g:§ 1 1
-qufesé?ﬂfihgjﬂamping Coefficient .GDGI’2’3;4 . I%E;fg;seé §’°°0-¢ . 3f°°°.
Front Left Spsp?nsion_bateral ' ~CKS1 ‘IUth 257,960 257}960
Front Right Suspension lLateral . GKs, 1b/ £t 257,960 257,960
Reand&_ft “Suspension Lateral GKS 1b/ft 257,960 ° '2‘57,.95_0 .
Rear Right Suspension Lateral GKS, 1b/ £t . 257,960 257,960 -
qurgspdﬁd#nélﬁémpiné Type - ,;CDSi;i;3)4__f 2ig§zig:§* 1. i
Corresponding Damping’ Cogf.ficient - 603, e "'1%27':22;% ] a,’oqq | s,bdf-o .
‘Front 'Left Track Vertical ~" .. GKW, . . | .1b/ft .. |\ 6,000,000 6,000,000
" Front Right Track Vertical - CKW, .. | . 1b/ft 6,000,000 . 6,000,000
hﬁéé;vféff Tf;ckzﬁérficaIT:';“ ngws 1P/£t._A 6,000,000 6,000,000
Rear Right Track Vertical ... T GrW, 1b/£t7 . 6,000,000 6,000,000
Correspbhding“bémﬁjﬁg"Tqu f»CDWi;its,d g_g;ZEggz 0 0
: ,gbfresédndihg‘ﬁémﬁing Coefficient.. : anl;i,3,4 Vlbs/ft/sec ~-0;0 ‘ .9'0'
Front Left Track Lateral GKWXI .1b/ft 4,000,000 . 4,000,000
Front Right Track Lateral GKWX, - - 1b/ft 4,000,000 4,000,000
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‘ P Varlable - T T s . : .
,'}pegcrlpt1on: Name Unlt% :Vélld?Flon A B

Rear Left Track Lateral GKWX; 1b/ft 4,000,000 4,000,000
. Rear Right Track Lateral " GKWX, . C1b/ft 4,000,000 4,000,000
T — Vs 1 -
: Corresponding Damping Type vCDWXI 2 3,4 1 Couiggz .1 1
“,Corréspo§ding Damping Coefficient GDWX1 Z 3,4 légﬁfg;sec » 0.0 " 0.0
Tirsional heiheen Body Masses. T12 ft/1bs/rad 1.48 x 108 .1.48 x 108
- §ﬁearing Between Body of the 1 9 g :
Vertical Axis . ] P12z .ft/lb?i 0.0 0.0
Shearing "Between Body in » -
" Lateral Dlrect1on Bl12X _ft/lbf; 0.0 0.0
Torsional Damping Between Bodies. - ‘D12 - ft/1bs/rad/sec 0.0 0.0
B Bending Between Bodies About - T -8 8
| Lateral Axis . T12X ft/lb_s/racl 4.0 x 10 4.0 x 10
v‘g';ﬁiggf‘*;;‘;:e“ Bodies About T122 £t/1bs/rad" 8.0 x 10% 8.0 x 10®
Length of Spring Travel POGC ft 0.255 . 0.255
Side Frame Lateral SFLAT 1b/ft 2,000,000 2,000,000
Side Frame Vertical SFVER 1b/ft, 77,040,000 77,040,000
Friction Coefficient at Gib COEFF Dimensionless 0.3 0.3
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Description Rasts Units Validation A B

IV. MODEL TIME PARAMETERS

Time Increment DT seconds 0.0005 0.0005

Time Model to Pause DTMAX seconds 16 16

Number of Time Increments Between 2

Friatouts NT Dimensionless 100 100
V. MODEL MODE PARAMETERS

5 0 off
Rolling Mode Flag NRP 1 of
Bouncing Mode Number of Joints NDJ
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ANALYSIS OF
NUMERICAL INTEGRATION ERROR

Two important factors to be addressed when numerically inte-
grating a set of differential equations are the order of the
integration and the size of the integration step. The AAR
rock and roll model discussed in this report originally used
a fourth order Runge-Kutta numerical integration technique.
This fourth order integration method requires four evaluations
of the derivatives of the dependent variables for each inte-
gration step. For the suggested 0.00025 second integration
step size, 4,000 evaluations of the derivatives were required
per second of simulated time. These evaluations required

20 minutes of computer time per second of simulated time on
the microcomputer used in this study. For the purpose of
this study, a considerable reduction in the computer time
needed to simulate vehicle response was required. |

To decrease the computer time requirements, either the inte-
gration step size must be increased, the order of integration
must be reduced or a combination of these changes must be
iﬁplemented. The methodology for selecting optimum values

for the integration step size and order of the intégration
technique must provide criteria for trading-off the errors
associated with longer integration step size and/or lower
orders of integration with the cost and time associated with
the integration process. These criteria should be based on
the intended use of the data generated by the computer program.

The first step in establishing the criteria was to review the
physics of the rock and roll phenomena to determine the
importance of the integration step size. Rock and roll
behavior is observed mainly on staggered, bolted rail pro-
ducing a combined lateral and rolling motion of the carbody
at a frequency of approximately 1 hertz. It would appear
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that an integration step size of 0.01 second would be more
than adequate if the predominate frequency was 1 hertz.
However, while this is generally true for the carbody,
significant high frequency events associated with the

truck bolster are present and must be accounted for in the
simulation. The high frequency.events associated with the
impact of the bolster with the truck side frame, the impact
of the carbody with the 51de bearlngs and the rocking of
the carbody on the centerplate, are of relatlvely short
duration (on the order of several m11115econds) ~ Therefore,
an 1ntegrat10n step size of 0.0005 second was used to in-
clude the 1mportant h1gh frequency interactions between the
vehicle subsystems Changes in the carbody roll angle, the
amount .of wheel 1ift and the lateral acceleration of the
carbody with 1ntegrat10n step size and integration order
were considered to be of maJor 1mportance, 51nce the descrlp—
tors used to characterize the vehlcle response were peak .
values of these variables.

The developed methdology estlmated the error associated W1th
the integration technlque by 51mu1at1ng 12 seconds of vehicle
response and observing the peak value of wheel 1ift, carbody
Toll angle and carbody lateral acceleratlons The results ‘
indicate a change of less than two percent in these variables
when the step size was doubled and the 1ntegrat10n technlque
decreased to second order This error was Judged acceptable
in light of, the uncertalnty (approx1mate1y 10 percent or more)
of the model 1nput parameters.

Further increasing the step size or decreasing the order of
1ntegrat10n lead to instability 1n the integration technlques

This instability was related to 1mpact phenomena associated

with the bolster and with the large numerical value of the
stiffness constant used to model. these impacts.



These modifications resulted in a reduction in computer time
use by approximately a factor of four. This factor is the
combination of a reduction of two associated with integration
step size and an additional factor of two associated with

the order of numerical integration. In terms of computer
time, a 12 second simulation of the vehicle dynamics required
approximately one hour of computer time or one second of
simulation required five minutes of computer time instead

of the 20 minutes it originally required. For the minicomputer
used in the study, the total cost of running the simulations
was less than $50.00 for twelve seconds of simulation time.
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